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PREWCi 


Atter devoting time and trouble to the preparation of this little 
work, 1 am not likely to be tlu* first to decry it; but, nevertheless, 

I feel it iny duty to \saru the student wlio is entering upon the 
Study of the Art of Mining that he must not depend solely upon 
books, and that he ■will never learn much about the subject unless 
he diligently visits mines and obtains his knowledge first-hand. I 
look upon a mining treatise as a guide-book. If one visits a 
foreign country, a ‘Baedeker 'or a ‘Murray 'is juirehased, with 
the object of learning ‘ what places arc to be visited with the 
]greate8t profit, what sights are the most attractive. In a similar 
manner a book on minir g aids the student in ac(|uiriug informa- 
tion, explains points wdiich may be obscure, and suggests subjects 
fof infiuiry, but without in any way enabling hiin to dispense 
with the knowledge wli^ch comes from seeing and doing things. 

Many persons have given me aid in preparing this book, and 
to' all of them Bdesiro to express my gratitude. My thanks are ' 
also, due to tlie Councils of the following Institutions for per, 
mis^On ^0 make use. of illuArations which have appeared in 
their IJcansactions, viz. — ^The Institution of Civil Kngineers," the 
Ihetittitlon of and Metallurgy, the IrOn and Ste.^ 

Institute, fend the Institution oj Mining Engineers. In a similar 







mmeii J m to thal^itors of 7%e 

^mnp 4pmml, ifow^ Y6rl?, Mirm md Mtnarals, BcraiitoiJ 
MA Wckaufs Kssep^ My frioud and former colleaj^ue Mr g! J. 
^ hna enabljjd me to embellish my padres by placing at 


nay dispoyal his l;irgo collection of }^iotographs ; gmd, lastly, I am 
under obligations to my friend* Mr MVe of the Home (>lfio«' 
for kindly reading the proofsiand preparing the index. 


Royal School or Minks, 

Lundon, Aoirmhr 1903. 


C. LE i^5KVE EOSTEH. 
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THE element:^ of mining 
AND QUARRYING. 

♦ 

INTRODUCTION. 

Mining in the broadest sense of the term is the art of extracting 
minerals* from tlie crust of the earth. The two principal kinds 
of workings for obtaining minerals are known as ‘mines' and 
‘quarries’; hut, owing to legislative ciuictments, these words, 
or their equivalents in other languages, have various meanings, 
and consequently it is imjiOBsiblc to give precise definitions which 
will suit all c(>iintrics. In the British Isles the ‘quarry' is a 
working open to the sky, as distinguished from the ‘mine,' in 
which the mineral is obtained from excavations under a cover of 
rock. With us, tlierofore, it is the nature of the excavation which 
decides whether the working is a mine or a quarry ; in some other 
countries, on the contrary, it is the nature of a mineral worked 
which settles the question. Consequently excavations which are 
legally ‘ quarries ’ in England may be legally ‘ mines ’ if situated 
in J'rarfhe or ’in some of qur Colonies, and vic^. versd. Under the^e 
circumstances it is hnwise to think of separating quarrying from 
ndning in a small elementary treatise. 

Further, it is best for the elementary student to deal wdth the 
subject broa'Qly, ^iid not confine himself to the narrower splierc of 
thO' coal miner or the seeker for metallic ores. After mastering 
the general principles of his art, he can specialise later on ; and 
when one^hcnsiders thitt the toolfe employed in all kinds of mining 
are yery aimilar, and that the appliances for raising the mineral io 
thA surface and for draining and ventilating the workings arte often 
it iai evident that the elementary studeat ne^ not b© in 
;a to“ devote himself* exclusively to one particular branch of 
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;^; XU weatiug vay subject 1 propose to follow what ma' 

,tno^ Natural order. ' 

.Before beginning to work the useful minerals, the student should 
have some generarideas concerning the manner in which they lie 
m the earth’s crust, the indications' which lead to their discovery' 
'and tl)c methods of searcfi. y 

The modes of excavating r. materials of varying . hardness wiir 
naturally oc(Mij)y rnuca atlentiyp. 

During the work of excswition the minor has frequentl^^ to 
prevent the roof and sides from falling in upon him, and tire 
moans of siqjpott have to be studied. 

The arrangement (d the excavations, so as to secure a cheap and 
fiafe^ removal of the mineral deposit, needs special consideration. 

Next comes the conveyance of the minora] from the working 
places to the surface, tin* journey being most commonly performed 
in two stages! 

Ihe subsidiary hut indiKpensjible operations of keeping the 
workings free from water and supjdying them with air and light 
are important enough to recjiiirc separate ch.ajjtcrs. 

The means hy which the miners reaeJi their working places are - 
various, and must ho designed so as to save time and lahour. 

The mineral as brought up from the workings is frequently unfit 
for the market, and has to he prepared before it is sold. 

Obtaining an insiglit into all these subjects may appear a suflBcient 
task for the elementary student j but I think it desirable that he ^ 
should go a trifle further, and from tlie very outset seek to acquire 
a little information cDnccrning the laws regulating mining, andthV 
disuses and accidents incidental to the miner’s calling. ' 

The student may easily recollect each separate sub-division of 
Win subject by a single word, viz. ' 

LV. Drainage. 

A. Veiitilatioti. 

XI. Jughting. 

XII. Access. 

^ . XHl. Dressing.^ 

. A 1. hiXploitation. XIV. Legislation. 

. VII. Haulage. XV, Health, ’ \ 

, Vlll. Foisting. X VI. ‘ Accidents. ' ; 

; list should be committed to memory, as the varipufi 
as pigeon-holes, according to which a '»tuden| 
ms^tes upon aby particular mine or quarry. he 


I. Occurrence. 
II. Discovery. 

III, Boring. 

IV. K xeavarioii. 
V. Supnort. 



CHAPTl^H I. 
OCCTTRBENOE. 


The princijal siihstaiice.s whicli we obtjiiri from the earth’s orust 
are the metals and their ores, fuel, building luatcrials, roarlstono, 
salt, gems, abrasive's, and minerals re(|uircd for various chemical 
loauiifactures. 

The deposits of these various substances occur in tlio earth’s 
cnist in various ways ; for the juirposc of tlie miner tliey may bo 
conveniently classed, according to their shape, into : T. Tabular, 
and 11. Nou-tabular. The tabular de])o.sits may thou be sub- 
divided according to tbeir origin into two classes: (1) Bods; (2) 
Veins. For want of a bettor word the noii-tnbular deposits may 
be called (3) Masses. 

The classilicatioh, therefore, staials thus : — 

I. Tabular or sheet-like deposit^, j \' 

^ ^ I 2. veins. 

,11, iS’ on -tabular deposits. 3. Masses. 


(1) Beds or Seams. 

A ‘ bed ’ or ‘ seurii ‘ is siinidy some special member of a group 
of stratilicd rocks ; iiu other words, it has been formed as a 
layer at the bottom of some sea, lake, ...... . 

by the deposition of mud, sanil 
of; slibnes, ^^y the evaporation of saline 
or Ijy the growtli of animal or 
y^table (organisms. 

: ; bed may , vary considerably 

ih 'tfiit^khess ; it may dwindle away gradu- 
^al^^-or iabrease in size, or become divided 
to the intercalation of a 
tg, rock^; bi^t, in spite 

bbd is much, more 
and comixisition than a vein. 
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Fio, 1. Beds ,yf sh«l«* 
saiTfUtonc, , 
andiron ore, ' 
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THE ELEMENTS* OF MINING AND QlliWlNa 

The terms ‘ dip ’ and ‘ strike ’ are used with pifecisely the same 
meanings as are given to tfieni by the geologist. 

The stratum immediately al)ovc a bed or seam which is being 
worked is usually ’known as the ‘roof/ and the stratum lying 
underneath it is cabled the ‘ floor ’ or ‘ pavement.’ 

Many of the most important mhioral deposits in the world are 
beds containing a very small icroportioii of some metal> such as 
copper, gold, or leai, but ei^jugh, nevertheless, to make its 
extraction commercially profTfW)le. 

In other cases therAvhole of the bed is utilised, as happens with 
fossil fuel, or with sandstone and limestone employed for building 
purposes. 

The thickness of the hods now being worked commercially 
varies between wide limits ; the valuable part of the seam of 
copper-bearing shale which has made the Mausfeld mines so famous 
is only 3 to 7 in. thick, whilst beds of slate 100 ft. thick and 
more are eomrnon. Kveu with one and the same mineral, snch as 
coal, the limits are e-ousiderablc. The coal scams worked in this 
country vary in thickness from 1 to 30 ft., and this latter figure 
is exceeded on the Continent and in America. When one comes 
to such minerals as sandstone, limestone and chalk, one may 
frequently see a succession of strata several hundred feet in height 
forming the face of a (juarry. 

(•j) Mineral Veins. 

A ‘veiiri or ‘lode’ is a tabular body of mineral which has been* 
formed subsequently to the rocks which enclose it. * 

This is very apparent in certain typical cases ; a a, ^ and c ^ 
(hg. 2) represent hods of sandstone and limestone traversed 
by bands of calcite, dd \ zinc blende, ee; and*galena, //. It 
difficult to conceive that during the deposition of the . cdlcareous 
matter and sand, which have now become limestone * and 
sandstone, a dec]> gap existed on the sea bottom, along which 
were deposited the upright bauds of calcite, blende and galefla 
on the contrary, the vein looks as if it had been formed by the 
growth of layers of mineral parallel to the sides of a crack nr ;: 
fissure in rocks which had already beporae hard ^and ' soli4' 
This hypothesis is strengthened’ wdien one finds enclosed in 
vein pieces of rock which evidently have been broken off frdm .thA< 
sides. The resemblance of a vein to a filled-up fissure fe oSfen 
marked, that a deposit of this kind is known’ in some 
a' ‘cleft’ (fcluft, Ger.), a more correcl metaphor th^ oar word^ 
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Tn addition .to these sharply defined lodes, in ^vhich the 
valuable material ends off suddenly afr the sides of the original 
crack, there are otliers in which the mineral sheet, as shown by 
the (stipplin;-! in lig. 4, grailually fades iutu' the surrounding 
rocks w'ithont any distinct boumling planes. Probably the fissure 
A B (fig. 4) furnished a channel for mineral solutions which 
altered the rock at its sides and so produced a sheet of 
ofe-boaring material. C T> F K. Thi.s tabniar ore body dependent 
ugpn a cleft is likewise called a vt-ii^or lode. 

Instead of a single cleft, there may he a group of several cracks 
more or less intersecting one another, and the term ‘vein ’'is 
tlien applied to the whole of tlie sheet-like body of fissured material 
impregnated witli some valuable ore. The vein may even he a 
body of fault-breccia or fault-conglomerate cemented by minerals, 


d e f fed 



Fio. 2. — Vein ot calcite, zinc blende and galena, showing banded .structure. 

• 

which have been deposited in the interspaces which originally 
existed between the fragments, and in the cracks which traversed 
them. 

It is frequently impossible to decide definitely whether a given 
deposit has been formed contemporaneously with, or subsequently 
to, the enclosing rocks. In some instances the valuable constituent 
of > bed 'has evideuMy wandeyed in since the deposition of the 
ndgnial sediment. This has certainly happened with the copper- 
bearihg.oonglomerate of Lake Superior, for the native coppei* was 
not deposited at the same time as the pebbles. The same 
hypo^esis has been offened in the case of the gold-hearing con-" 
fKnerajtAin the Transvaal. 




rm icr.tcMKNTs of Mmmo ako 



gold-buuriiig qu.irtz, St David’s Mine, Dolgelly, ■' 

Jwales; from a pliutograph by Mr G. .b Williams, H.M. Inap^eittr'; 
of Mines. 


ocGutmisCE. ^ 

When the d<ipt)sit oaTi claim to he of scdiioontary origin 
irrespective of its v.ilmililc iugicdient. i cousider tliut it is most 
appropriate to designate it as a ‘bed’ or ‘seam’ in spite of the 
later infiltration of tlje gold, copj>er, or other nj^’ta!. 



rock rock orc-t>tarm^ rock 

rock 


I'lo 4. — iliiicial consist- 
ing ol altcmi locK afijacinit Pjo. 5. — Minoral vein furnicd out 

to a fisfiurt', - of altfrc'l jibsuvcd r(»olc. 


Like a bed, a vein has its dip and strike ; but as the di{) of the 
vein is generally great, it is often measured from the .vertical, 
and is then spoken of as the umhr- 


He^ Mn-Ierlatj, or hade. Instead of 
being expressed in degrees, the 
Uiidei'Ue is sometimes measured by 
the amouBt a lode plunge.^ under 
cover, or away from tlm \erticai, 
in, a ili^tancg of one fathom meas- 
ured alDtjg the drp. 

'i^he botinding planes of a vein, 

‘ y T- (%, ^), arc called the wal/a 
or -cfiefiJcSf and they ai’e fre(juently 



SOiOo^ or striated, showing that Veitical Giws Section. ^ 

016 side must have slid against the 

other. . The. wall above 'a l.«io is « -Miji”-*! «i» sbo^og. 

caM the hm^mg wall, X Ti ; the 
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one underneath, the ./ho/ wall, CD, The rock saiTounding and 
enclosing the iodd is calle*!^ the numlrif, K K. 

It is not unusual to hud a layer of clay, FlI, h(3i\v<!eti the lode 
and tlie enclosing »ocks ; such a layer is called a selrafjf/, dig or 
gouge. A large mass of the adjacent rock hnnid enclosed in the 
lode is called a liorsc, Hll. 

The valueless components of i^lode which siiivound the ore arc 
often spoken <jf as the or inalriw ^ 

Veins arc of less uniform ^i)i^)du<'.tiv(“ness than beds, and ^re 
rarely worth worlu’ng throughout. Uich portions alternate wd/h 
poor or worthless portions. 

Experience shows that many conditions affecl the productive* 
ness of a miiuTal vein, and esjx'cialiy interseetions with other 
veins, or changers in tlu^ nature of the a<ljacent rock. Few facts 
are more generally recognised than this inlliumce of the cijcl(»sing 
rook upon the productiveness of a lode. A very marked case has 
been noticed in the lyydonhurg district of the IV.msvaal, whore the 
veins arc wortldess m greenstone and poor in dolomite; hut in 
the sandstone tlu'y cimtain 1 to 3 oz. of gold per ton, and in 
the slate !0 to hd oz. In the^ Alston Moor disinci, on the other 
baud, the hvad veins are geinually more productive in limestone 
than they arc in sandstone or shale. 


Lastly, wo come to the non tabular deposits which are grouped 
under the In-adiiig ‘masses.’ Tiic term is simply used for 
general convenience to denote deposits which are neither ^>eds nor 
veins. It brings togetln'r a vmy lieterogeneons series of mineral 
deposits, sii('-h as huge hossi's of granite and other igneous rocks 
from which we obtain sufipiios of building stone and road metal, 
the diamond-bearing ueoks of old volcanoes in tSoutli Africa, and 
the irregular bodies of h.ematite. Here, too, are placed the so* 
called ^stockworks,’ portions of rock so interpenetrated by a 
netw'ork of small veins tliat the whole of the material has to be 
excavated in order to extract the ore with profit, u 

ExaMiu^es. 

As the same mineral may be found in a bed, a vein, or ji mass, 
the simplest plan is hi classify the examples alphabetically. The 
iniueral deposits to whicli f propose to r«fer arc : — ' . ' 

Coal, copper ore*, diamonds, irwn ore, lead ore, nitrate of soda, 
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oil filiale, petroleum, phosphate of Hiuc, salt, slate, sulphur, tin 
ore, ?Am ore. 

Coal . — Solid fossil fuel occurs in strata of in<*st geological ages 
from the riiocene down to the ( ‘arhouifL-rons lucks, as sliow'ii by 
the accompanying t.ablc. 


KxAMCLKS of (^>AL DfCuMITS .v>F* l)lFl'KliiC.NT (1 ISOf/KUCAL AOICS 
xow iJiUNu •\Voi:Knn. 

Gco/oqical A<i<\ Xora/Uy. 


Tc'iti.uy 


Sococ'lai V 


Paluozoii' 


^ Pje'ceiif. 

' ito 

i Civtaccou^,. 
I .lui 

i Tiiassi'*. 

I 


Italy. 

N'oitliCMii OcrnKuiy. 

\\ U.8. A. 

Ihil.ish Oohimlna, Ihnicvor. 

(Sutli* ikuiitslnie. Huog.ny, 'roiikin,* 
( Vjigii)i.A and North Uaiolina, IhS.A., 
India, lj*uc(Mislaii(l, t and pajts of 
I N< \v South Wah's. 


Ptiiiju liias'iit; {Karoo btuK). Cape Colcmy, Natal, Transvaal. 
I 1‘ornio-carhomk'rous. NoW' South Wales, 1 


lo 


( 

i 


I Uni((‘<l Ringdont, IJelgnun, Fiance, 
Coal Mia-iurcs. ; (h-tinany, Bolicnna, Spain, 

( IVnnsylvjiina. 

Millstone (ji it. Northern Brit.im. 

0.oi*oni{en»iH Linieslone. ,, ,, 

Caicberous Sandstone. „ ,, 


The Tertiary d('}tosi(s ore gf^ricrally lignitt' or brown coal ; in all 
the other cases (lie mineral worked is eithei- true coal or anthracite. 

In this*counlry, and in many others, it is especially iu the t'oal 
Mcasure.s that the seams are most numerous, extensive and valm 
able. In England the thickness of the seams worked varies from 
1 to 30 ft., thougli the ‘Ten-yard' .seam has been known to attain 
a total thickness of 39 ft^, including .*5 ft. of partings. Even this 
amount is occasionally considerably exceeded in other countries. 
A seam of coal 180 ft. thick (55 m.) is being worked in France, 
and brown (joal hods in (Hermany sometimes attain the, enormous 
thickness of 300 t«> 330 ft. (90 to KH) m,). 

The seams of coal may consist of ch'aii coal througliout, or may 
contain partings of shgle (Oatt^ r/i/f, metal, hlaes)^ sandstone 
(s]^ 07 ^e, posf), or iron pyrites, 'rids last min<‘ral is likewnso found 
in the form of thin sheets in the natural joints running across the 
seams. 

^ * Lauirect, Len PrednU'i 0)foniaux d’orifiinc 'mh&ale, Pan's, 1903, p. 23. 

t Pittman, Mineral liei>QUTees oJ*New HoiUh JValrs, pp. 31f> aim 311. 
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-Ma]> of the British noaltii'kls.* • 

COALFITCLPS.' 


1. Scotch conlfpldfl -Ti'iiV. (''ln(‘kinaini;iii, Cljile 
Basin, A^rT, Duni tries, Huthcrland, iMhiaii.-.. r 
1 Nufthern ciHiltleld.-^iorllmitibcTLiiKl and 
l>urhatn. 

i. Yorkshire, etc, ioalfield.--A\ , Kidui'' Vork- 
, shire, Derby and N’otts 
A. hanpasliiro and . Cliestdrc ('.altield.- Lan- 
iMWillHvo and Clicsiiiir. 


r> .Midland • coalfields.— Stafford,- 
Sal-tp, J.eicesler and Warwick. ' 

G Snisdl detached coaltleldK,— C«jiLiherlatT5i'‘1ind 
VYestiiiorland, N Riding yoiks,',Gllonb€8iierj 
Somerset and Devon, •’ , ' " 

7 Ahirth Wales coalfield -tlWt ah4 Ttonhlp. 

8 South Wales coalfiotd.— FefUWdliaS, '<JabawS« 

tlitn, Ularaor^n , Brectm and SfonmoutSi^T ^ , 


C. Lc Neve Foster, Mines and ^Karries : Qmt,raL M^rV ^ ' 
/or 13^7, London, 1898, p, IGL - ■ 
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The ptiucipal Kriti.sh coalfields arc shown on the accompnnyhig 
map. 

C6pp(i )\ — The ino.sl inijtortant copper mines of the world nowa- 
days are thosci of Matisfeld ill (h'rmany, Ilio TiiiiTo and Tharsis in 
Spain, San Doniiniros in Tortuual, and .Mjchiy;ati, Arizona, and 
Montana in the United Stares. 

The Mansfcid diytriefc is s])ecia!ly, interesting- from the f:ud that 
the^ore is found in a lanl or seam of TermiiHi :ie:e, whn-h e,;in i>e 
worl^ed with pndit in sjiif e of its tiifnf^es> and eomparati v<i poverty 
it ?s a blackish, hitummons, maiiy ^lla1e, about lo to 18 in. 
thick. -The ore is usually disseminated tlirough it in tlie form of 
tine particles (^Spr/^Y•) wineli im])art a iiietallio glitter to the surfaee 
of cross-fractures. TI)<' wholi' uf the hi -d is co[>per-hearmg ; hut, 
as a rul(\ only tJie hotlom three or four mehi's are rich enough 
to l>c worked witli protu. 

The famous mines of Jlio Tinto, Thar.'-is, and San iJoniingos are 
contained in a great iiKitalliferous bell of (lountry. 14 (> miles long 
by no mile.', w'ule, stretehing across tlu‘ province of Jlueha in ■ 
Spain into Tortuga!, 'rin rocks consist of slate of Ufiper Tevouian 
age, often altered locallv into )as])er, tale schist, ehiastolite schist, 
etc , with great, intrusion.s ofipi irtz and f(‘ls]»ar-j»orphyri('s, diabase, 
quartz syenite, and gi-aiiite. Tlic strdio of the slnies is about 
lu* to north of we-t, and tiu* dip is eithei vertical <ir at a higdi 
angle to tJie north. 

The soiitli lode, tie’ one most largely wroiiglit hitherto, is 
sometimes as much as 400 ft, wide, and is kno\sii along the 
itrike for a di.stance of about a mile, or indeed for two miles if 
the San Jdiojiisio lode is eoll•^id(‘n!d to ho an oxtonsioii of it to the 
west. Fig. 8 is a (!ro.ss section of tlic south lode, at Kio Tinto. 

The ore consists of' fine-graineil compact iron pyrites with 
about 1 to ."IJ per cent, of copper; this metal exists in the form of 
copper pyrites mimitely diKseminatod through tlic mass. 

The copper-bearing di.strict of Micbiean lies on a long ponin.sula, 
Id to 20 miles wide, with a non h-easteiiy tnaid, which projects 
into Lake Superior. 

Thei niodes*of occurj-ence of the coi»per uiav he classified as 
follows :~— 

'Bods - f ^^Ojipcr'Jicaring ctuiglomcrate ami sandstone. 

.> ' 1-2. Copper- bearing amygdaloid. 

yVem 

deposits of the first class arc beds of conglomerate and 
sandstono ‘ impregnuted with native copper. In most cases the 
<mpj^§ro_u^. beds are intersected •with diabase flows ; but this 
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ooiinoctiori between the j>roximity of dialxise and the presence of 
copper is not imivei-sa].* 'Flie copper occurs as the cementing 
material of the pebbles and grains of sand, and also replaces the 
pebbles thernselveS, largo stones several inches or even a foot in 
diameter being coi'verted into the' native metal. The copjier has 
evidently been dejxisited from i».qiieoas solutions, lly far the 
greatest proportion of the Lak% Superior eoppeV is obtained from 
these conglomerates. * ^ , 

The cupriferous amygdalo^is are portions of old lava flows, .^nd 
are not, strictly spe;',king, beds as defined, though it is eoiivenient 
to call th('m by tiiat nami*. 

t>ften th('V are highiv alieied and have lost all sign of having 
once been vesicular; the nativi' cop])er which they contain must' 
have found its way in long after their eruption. Jt is usually 



Fill. <5. — Cios.'i siK'tion, Stuitl) jjo'li llio Tiiitf. 


luilux to lig, 8. 

|!' TtirptoT.v. BBBI 

3?oriili>iy Sl:il(' m.iJced {ItlfFlv;: ' J'.v i itei. 

work*'!! ;uva> f ' / . a\va\ iinil*V;i!i' ] wct.-laul .iway. 

Fcrra'.;iii'iii8 limoi.i and jior/an. 

very irregularly distrilaited, and the jiarts rich enough to be 
worked may be siirnainded by much poorer or barren rock. 
The presence of epidc'te and caleite is regarded as a good indica- 
tion for the pr().vimity of copjier. 

As the cupriferous lava h(‘ds and congloiiyjratc!} are locally 
called ‘ veins, ’ it is necessary to say that the real veins run ip" a 
direction at right angles to the general U'cnd of the beds, and are 
almost vertical. Their usual w^dth is from 1 to 3^ ft., but it 
may become as much as 10, 20, and even 30 ft. They are 
largest and richest when they have amygdaloid or loowe-textured' 
diabase for their walls, and they become pinched up and worth- 
less in the compact greenstone or santistoiio. To a great extent , 
they consist of altered rock, aifU are an instance of lodes formed 
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hy replacement* of the * country.’ According to Irvin-^ these 
veins wore formed by copper-bearinpc s’olutioris which found a 
path through zones of fissured rotik, instead of following certain 
easily permeable beds. The cojiper is in Uie ‘native state, and* 
generally in masses of consideralde size, Tlie langest found weic^h- 
ing ov(T -100 ® 

Arizona ],mdares lar-e ,in:uil,i’ti,*i „nh<' oxidised ores of copper 
esjieciallv uialiicliit.o and aznrite, \viiicl> oci'ur in UTogiilar masses 
wltfs-e l atiEozoic limestones and s%les arc in contact with in- 
tnisions ol porphyry of into Cretaceous or .early Tmliary a.re 
Chalcoinrite which has escaped decay allows whence the oxidised 
ores lia\c been derived. 

The deposits ..f the, Ihitte districi, Montana, are east and west 



fiG. 9.— Section acioas l)e lieer.s diamond mine, Kimberley. 


lodes in granite, usually dipping to the south. The main lode 
which supports the celebrated Anaconda and Parrott mines has 
proved prodOctivq for a distance of three miles along the strike. 

.Dtammrh Kimberley is by far tlie most important diamond 
aistriot m the world. The masses of diamond-bearing rocks may 
be described as Jmge vertical columns of round, oval, or kidney- 
shaped section, as shown hy fig. 9. The unweatherod diamond- 
bearing rock, locally known as ^blue ground,’ or ‘blue/ is a 
breccia, consisting of fragments of. shale, basalt, diorite and a 
Ktfck sandstone, cemented together by olivine rock containing 
diamonds and other minerals The surrounding rocks, locally 
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called ‘roof,’ arc beds of cf»rboii;u‘cr»us and pyritaforoiis sbale lying 
liOrizoiit-ally, and slicets of basalt, and nadapliyro, inider which 
comua qnarlzite. Tin' nicl;t])h\ii' is a liaid auiygdaloidal rock, 
wliicb lias ])Geii called oliviia' diabase. Laige (h-taolu'd masses of 
the surronnding <'ock.s arc somcliim's inchuied in tlie 4dnc/ and 
are then known us 'fhintin'; itvef.' The upper ])arts of the 
deposits have Ijcch dLcoin]h#.ed ])y almosplicrn* auencies, and 
ch<an,i;ed into a soft itiable eart,h h> a deptli v.irvinj from -15 tc 60 
ft., and tin' colour is a yolloiv, instead of the slai\ blue of tlftfcun- 
W(3athored rock. 'L'he surrounding? rocks ba\e naturally shared in 
this weathei-ing. 

The diamond he.'uing ro<*k a])pcars to lio tin- tilling up of the 
necks or throats of old volcainu'S by a mud which has come up 
from beloAv. 

In a<Iditioii to diamor.ds found in a solid matrix, there are those 
from the "Waal rivur diggings. Diannmds are .d.so found in alluvial 
gravel and in coiigloiiierates m lira:'.!!, llritish (loiana, India, and 
other localities. 

(rff/f/ is so wid(']y distnliuted over the earth that it will be 
iJU})ossihlc to compre.ss intt) the sjiace at. my disjiosal anything 
moie than a \ery brief summary of tin* pi'in<‘i[)al modes of 
occuiTcnce in beds, veins, and masses. 

]VIo.st of the gold hi the T’rans\aal is olitained from beds of con- 
gloinerat(' or pudding stone ciilled The layers of this 

conglomewto bo coufonnablv among beds of vS.'unlstmie, shale, 
clay, and quartzite. At Johannesburg the beds sliakc cast aH4 
west and dij) to the south Tin' eonglomerati' coii.sitxff^ mainly of 
pebbles of wliitc quartz, and in tlie upper part of thb workings 
they arc cemented together by oxides of iron, sand, and clay. 
Below the influence of atmospheric ageneios, the cementing 
material is found to consist laigely of sih’ciy grey ^licaceous 
matter with cubical crystals of iron pyivtcs, and the colour of tfie 
banket changes from red and brown to blue and blui.sh grey. It 
is quite evident that mueb of the ferruginous matter in the upper 
part of the coiigloim'rate is (h'rivcd from the decomposition of 
iron pyrites, and visiide gold is seen in the ‘cavities forinferly 
occupied by crystals of that mineral. The bulk of tlio gold, 
said to exist in the cement and not in the,pcbblcs. , ' . 

Fig. 10* is a section across jmrt of the J.anglaagte Plstato (East.)' 
at Johannesburg, and shows four beds of aHriforous.congiomeralib 
known respectively as the iNorth Iteef, Main iloef, Urn Maib 
L eader, and the South Ivccf. 

Copied in part fiiuu Hatcii and (Jliahner.s’ Guld jl/«W6s 
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AizriferonR • veins 
usually consist in gi-eat 
part of quartz, and con 
tain in addition iron 
pyrites, or some other 
heavy metallic snl- 
pbrdc, such as galena, 
i'dyc blende, copper 
p J id t. e s, m a g n e t i c 
pyrites, stibnite or niis- 
pickcl. The gold IS 
la'incij^ally m the me- 
talbe stale, even when 
cnvelo])od m pyiites, 
whicli is b(» tVequeiitly 
the ease ,* but it oeemrs 
also in combination 
with lellurium. 

The gold veins, or 
‘ reefs,' m \dctona are 
found in the l^pperand 
Lower Silm-iau meks. 
The pild is especially 
associated wilh iron 
pyrites j ■wlnai this rh'. 
^composes a ladlidar 
honeyoomhed quart/ is 
left bchi«d, aiui the 
gold is uumasked and 
becomes visible in the 
little rusty cavities. 

The. feculiarititis of 
so-called ‘saddle reefs' 
of the Szmdliurst or 
. Bendigo goldfield, Vic- 
toria, which (lifler con- 
siderably from typical 
0 been ve r v 
clearly , explained 1.^ 

Mr T. A. liickard. * 

*^e^'digo Gold- 

Amer. Imt. 

o 
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Cominpj to ‘masHcs,’ Ibo <rreat IVoadvvoU mine situated on 
Douglas Island, Alasloi, Owc-s ils f!.\isU-iico io a mass of auriferous 
altered granite, 100 ft. wide and of considiuable length. 

At Mount Moi‘g;iTu near llockhampton. in (^>iiecrisland, the 
auriferous dftjKt.sit, at 1 he surface was a niass of hrown lueniatite, 
sometimes slalaelitic and r.nntaiyiug a little silica,, which passed 
gradually int<> a ferruginous .siV.ceous sinti-r. 'riie gold exists in 
great purity in a st/ale of nmiule suhdtA'ision, and the iii^tal 
extracted is of extieine for it eonlams 09 7 of gold^, tlio 

rest being eop]>er, ;,i, traee of inin, and a. minute trac(‘ of silver. 
These oxidised ores were rep!ae;‘d by mundic oi'cs followed by 
» low-grade aurih'rous cojijuT ores in depth. 

Iroit IS very largylv <lifttributed oV('r the globe, and ailbrds 
instances of many modes of oceurrenoe, though veins of iron 
ore are quite overshadowed, as M>urces of the metal, h}^ the 
yield of beds, and especially those of durassic age. 

The most, productive I'airopeau deposits at the present time 
are; the bed of iron ore in the (develand district, the masses 
of red liiMiiatite in rannlierlaiid and North Lancashire, the 
hods of brown lueniatite in (»erman and French Lorraine aud 
Luxemburg, and the hods of red and brown luematite and 
spatliose ore near Lilbao, in JS’orlhern Spain. 

Tiic bed of ironstone worked hi the Olevelarid district is 
found in the Middle Lias. It i,s about 10 ft. thick, and most 
of the iron exists in the state of carbonate ; much of the ore 
is oolitic in structure, 'riie main seam practically fuitiiishos 
all the Cleveland ore. It jiruhahly extends over an area of 
350 square miles, though it cannot be {irofitabiy witrked over 
anything like the whole of the district. 

The great iron field fiom which France and Germany are 
obtaining their ]>rincipal siqqilies of ore extends over parts of the 
Grand Duchy of Luxemburg, tlerman Lofraiue, and the Dd^artment 
of Monrthe-et-Moselle, and has an area of nearly 400 stjiiare miles. 
'The iron-b(‘aring strata belong to the Low'cr Dogger or Brown 
Jura (Inferior Doliti',), and consist of scams of oolitic iron ore, 
interstrati lied with beds of limestone, marly lynestbne, marl and 
sandy clay. The iron exists mainly in the form of hydrated oxide. 
It is estimated that the field contains 5000 million tons of ore*; 
"the total annual output is about? 18 million tons. 

One of the great iron districts of the United States is Marquette 
County in Michigan. The peculiarities of its iron ore deposits 

* Villain, “Lc Oiseinent du Minmii de fer oolithique de U Lorrahae,’* 
Mines, Dixieme Sri’ie, vol. i., Varis, 1902, p. 117. 
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stone,, which is the upper decomposed part of a mass of dfiahase 
.(greenstone) ; in the last the ore reposes upon slate. 

Three peculiarities of the ore bodies arc specially emphasised 
by Vau Jlise : (1) The ore occurs m troughs ; (2) the floor of the 
trough consists o(an impervious, or n'latively impervious rock ; (3) 
the trough is inclin(‘cl, or has a ‘pitch.' Tie thinks that the 
whole of the iroivhcaring rocj^s were once poor cherty carbonate 
of iron of sedimentary origin; these beds were subsequently 
converted into luernatite by^ .vatery solutions, which carried away 
the silica and deposited irrm oxide. The path of the downv^ard- 
moving waters, aiui consequently the extent of the ore-hodies, was 
greatly determined by the impervious nature of the rocks now 
forming the floor of the deposits. 

Though load ore is mainly wrought from veins, large sup- 
plies have been obtained from a bed. The load-bearing sandstone 
at Meehornich, in Rhenish IVussia. is of Triassic age and is on 
an average nearly 100 ft. tliick. It rests upon and is covered 
by conglomerate, and is (»ften split up into two or more beds by a 
thick parting of conglomerate. The oiv occurs in the form of 
little concretions of galena and grains of quartz, but these are Uot 
uniformly distribnled tbrougb the sandstone. 

Nifrah' of The existence of beds of nitrate of soda 

(cubic nitre) in the rainless 



Fig, 14.— Nitiato of soda beds, Chili. 

soft earth ; ‘oaliche’ ; ^’,,.coiigloTn- 
crate ; d, saiui ; e, charge of gun- 
powder ; /, tamping ; g, safety fuse. 


regions on the West Coast of 
South America bad been 
noticed for many years ; but 
it was not until this mineral 
was found to be^a- valuable 
fertiliser that steps were taken 
to work it on a large scale. 
Thcrawnitrate of m^d,{calicl\e) 
is found in beds frotii 6 in. to 
12 ft. tliick, beneath a cover- 
ing of hard conglomerate froip 
1 to 10 ft. thick, as shown hr 
lig. U. ’ • 

Petroleum . — Mineral oil is 
found in many parts of the 


world. The great wells near IkJvu* on vhc Caspian are horod .jin'' 
rocks of Lower Miocene age consisting of sand, calcareous i^aykj^ . 
marls, and compact sandstone. Fig. 15 shows a section 
wells on the crown of a low anticlinal. The petroleum is 


^ Kouchin, “ Gisemeiitf; de uaphtc dc Bakon,” GvAdt das 
'Gongrts Q^ologiqus hiUriuxLional^ St Petersburg, 1S97. 
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'|u Certain beds of sand which likewise eoutain suit water and 
catburetted hydrogen gas. 

The' pressure of the gas may ’amount to oOO lbs. per square 
inch. • 

At some of the wells it is iiceossiiry to extract Uie petroleum by 
machiner}', but at others it rises paturally, and occasioii/illy with 
great force and in immense quantities (lig. 16). In f.iet, TagielUs 
spouter in 18S6 actually threw up, on the eiglfth day after oil had 
been struck, the immense quantity ol^l 1,000 tons, or 2J millions 
of gallons, in twenty-fonr hours. The flow thqn dimiuiHlud and 



Aralo-Oa-spian 

Utnestone. 


j Udiiztaiofuatcr* I 
I hearing shale.? 
j variously coloured, 

! covering the oil- 
hearing horizon, ' 
•which coutain^s in 
1 places petroleum 
j w i t li s p e c i ti c 
gravity of *820 to 
1 *840. 


Productive lu>n- 
zon containing an i 
ahnndaijce of) 
petroleum willi 1 
specific gravity of ■ 
•8C5 to *875. 


lloiizonof water- 
hearing sand and 
elayundcrlyin^the 
productive liorizon, 
and containing 
]»Ktroleuni with 
I specific gravity of 
j *885 to -920. 


Fig. 15. — Section across oil district neai Haku. 


'Vas gqfc Tinder dontrql by the engineers, and reduced to u quarter 
of a noillion gallons a day. 

The fifrata which yield oil in Pennsylvania and New York 
l^lnag' to tb?^ Devonian and CarKoniferons periods. TJiey are 
,bed3 bf^s^ud and sandstone, sometimes coarse-grained, and may 
yield gas ns well as oil. In Ohio, the two chief sources of oil arc 
the, Trenton Limestone (Lower Silurian) and the Berea Grit near 
the ba^ of the Carboniferous rocks. 

J^hqs^hoiU ^f ^Deposits of pTiospdiate of lime are found in 
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rocks of all fi'oiri the Laurentian to the recent period. I'he 
Laurcatian rocks arc the hoiiic of Ike npaiitc of Canada. 



JO SpoutiDsj uii «11, liakii. 

Reproduced by permission, from a photoijraph by Mishon, of RaJc'ii^ > 
principal mines are in the county of Ottawa, and the^. : 
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occuw rr^ainly in ptroxonite, soniotimes as a contemporaneous bed 
and sometimes as a vein of posterior origin. Tlic beds are from 
1 ft. to 3 or 4 ft. tbicli, and the veins from a few inches to 8 or 
10 ft wide • 

Tlion^h tfje ])ho,spliate dejuisits of lledfordsliije, Unebingham- 
shin', and (’ainl)ridges}nre are ]itll<‘ worbed at. tlie present time, 
the Cretaceous rocks iiave of late yc^rs yicldell abiind.ant supplies 
in 1/ance. In the mining district of Arn<^ defiosits of phos- 
phate of lime aic worked in three liorfij^,)ns : (!) At the base uf l4ie 
iJaufl;, m the hirm of a bed of nodules, generally about 2 in. 
thick, and sometimes as much as 0 in. thick ; (2) above the 
Gault, in the form of a }>ed of nodules G in. to 3 ft. 3 in. 
thick ; (3) in the state of samI, in nioie or less regular 
funnel-shaped thickets, in tlie npjier beds of tin; Chalk. This 
sandy jihospliate i.s covered by a bed of clay with flints, above 
which comes brick earth. 

The famon.s beds of Roiith Candina, besides .satisfying to a 
great e^xteiit the wants of the 


Tbiited States, arc able to su))])ly 
largo (piantities of the fertiliser 
to other countries. 'Plio mineial 
occurs in the form of noduh's, from 
the size of a pea to that of a man s 
head, in a bed from a few inches 
to 2^ ft. thick, the a\cr.»ge thick- 
ness being 7 to 9 iin (tig. 17), 
With the nodule.s are found bones 
of fish, aiu! especially teeth of 
great sharks, together with teeth 
of the horse and other landanimals. 
The deposits arc considered to be 
of Post-pli5cene age. 

The phosphate of lime worked 


,D 


C 



Fio. 17. — r*efl of pkospb.'itic iioflnlei, 
South GfUoJina.'*’ 


A, .\.<ililey marl (Eocnie) ; 1>, bed 
of pliosphatic nodules; G, ferru- 
giuou.s .sand ; D, clayey .sand. 


01) Aruba and Sombrero, in the AVest Indies, and on Christmas 


Island, was originally a coral limestone. Its convcrsimi into 
phosphate has’ becu effectetl liy the ])ercolation of water con- 


taining phosphoric acid derived from the dung of sea-fowl. This 
intet'esting fact is made very plain by the finding of corals them- 
selyes changed into phosphate oilinie. 

— The prineijial (piicksilvcr ])roducing mines nt the 


present timb are Almaden in Spain, Idria in Cainiola, and New 
Ahnaden in California, 


* Penrose, “Nature and Origin of I)c]»%sit.s of Pliospliate of Lime,’’ Bnll. 
It Si BuH'ey, No. 46. Washington, 188R, p. 60. 
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Mr. lidfilior* li;ts brou^ihl together u vast array of useful facts, 
ooucerniug tlic occiirreiiee of (juieksilver in his valuable monograph, 
which may be very briefly siuimied up as follows; — Oinnabar is' 
found in rocks' of all ages and of all tlescrij)tions, vii:., com 
glomeratf*, stiudslono, quartzite, limestone, shale, slate, serpentine, 
crystalline scliist, and basic jind «,cid volcanic rocks, but it 
exhibits a juefcrence for saiuilstone. The quicksilver deposits are 
found along lines r/. eoun try p narked by past or present volcanic 
disturbances. Soin(' cinnabar has certainly hoen precipitated from 
hot solutions brought up hy volcanic springs, and it seoins likely 
that many of the (juicksilver depo.sits have been tbvmcd in this 
manner. 

Tlie famous and productive Alumden iniuc is situated on the 
northern slope of the yierra Morena, where the rocks coming up to 
the smface arc of Silurian and l>ev«)nian age. These rocks arc 
beds of sandstone and (piaiTzite iuierstratitiod wHh slate and a 
little limestone. The cinuahav occurs impregnating the sand* 
stone; tlic slate is rarely, if ever, quicksdver-bcaring, There 
are three jirincipal deposits extending for a distance of 200 to 
220 yards along the strike ; the dij) is almost vertical. The total 
useful thickness of the three beds is about 40 feet, and the 
mercurial rock yields on an average 10 per cent, of metal. 

At Idria in <’arniola, cinnahar occurs in the Triassic rocks in 
three ways: (1) Im]>rcgnating beds of shale, conglomerate and 
doloinitic breccia ; (2) filling nji cracks like ordinary fissure veins; 
(3) in iiregidar veins across the mass, making a stockvvork. 

AV(//. — Sea water,' salt lakes, brine springs and wells, saliferous 
marls, and rock sidt are the sources of this very important mineral. 

The extraction of salt from sea water is carried on in many 
countries, where the heat of the sun is Riithcient to evajiorato the 
water which has been led into shallow pools ; and the industry 
is sometimes fostered by the traiiic in salt being a (Ibvernment 
monojioly. 

Natural .springs yielding brine are not uncommon, and wells ate 
dug or bored so as to reach a hriiie-beariiig stratum. 

At North wich, in Cheshire, there are two main beds of rook salt' 
each from 84 to fiO ft. thick, separated l^y a bed of hard matrl* 
30 to 33 ft. thick. All these beds belong to the Keuper division', 
of the Triassic rocks. The qua’litity of rock salt minea in Englanid 
is small, and amounts to only one-tenth of the salt obtaiined from ; . 
brine ; the latter is pumped from flooded mines, and ftDih weilepr . 
boro-iioles penetrating saliferous strata. 

* " C.cology of tlie Quirk.silver iKpohita of the Pacific Slope,*.’ 
ef the U.S, Ocol. H'urreij, vol. xiii., Wasljiiigton, 1888, p, 7. “ 
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Stiver. All gal'Riia carries sooie isilver, and in very many cases 
there is enough to make the extraction profitiihlc. (k>pper ores 
also are frequently argentiferous ; the silver in the lilinisfeld cupri- 
ferous shale has already hecn mentioned, and ihff ores of the Butte 
district, Montana, are often )‘ich in the precioug mot, ah Among 
well-known silver mines may he mentioned those of the tjreat 
Comstock lode in Nevada, Ilnaneh.va in Ihdivia, and Brokeiriiill 
in l^ew Honth Wales. • 

The Comstock lode, usually fronf.20 to 60 ft. thick, and as 
much as several hundred feet thick in some places, consists in the 
main of crushed and decomposed portions of the ‘‘country,’ together 
with clay and quartz. The silver is found native and in the form 
of silver glance, polybasite, stephanite, ainl occasionally pyrargyrite ; 
other minerals in tiic vein are quartz, iron pyrites, copper pyrites, 
])csides oxides of iron and manganese, sulphates of calcium and 
magnesium, and carbonates of magnesium, calcium, lead and copper. 
The ore bodies arc soft aTid irregular. 

The mines of Huanebaea are situated near the town of that name 
in the department of Potosi, in Bolivia, at a great altitude, for the 
entrance of the San Leon adit is 1:1,500 ft. above the level of the 
sea. The silver lodes oceur in a soft decomposed trachyte ; the 
actual silver hearing mineral is fahlerz, containing about 10 per 
cent, of the pro(U()us metal. At the famous Potosi mine also, tlie 
sii ver occurs in a fahlerz. 

The mines at Broken Hill have been remarkable for tlieir 
enormous output of silver and lead during the last few years, 
They are situated in the Silverton or Barrier Ranges district of 
New South Wales, near the western hoimdary of the colony. The 
deposit is generally spoken of as a vein or lode ; tin? (.h'ological 
Survey consider it to be a saddle lode, and others have described 
it as a zone of metasomatie replacement. 

"About two-thirds of the Welsh slate are got from beds of 
Cambrian age in ( kirnarvonshiic, and one-third- from beds in the 
Lower Silurian rocks in Merionethshire, '^fhe quarries in the 
former county are mostly open, whilst in the latter the local 
conditions have led Ihe adojition of true mining, especially at 
Festiniog, which can boast of the most extensive underground 
workings for slate in the world. 

Owing to peculiarities of textute, due apparently to the fineness 
of ^0 sediment de])ositcd upon the sea bottom, certain beds or sets^ 
of beds fitmish a slate which can be split into very smooth sheets, 
'.thin as ^ inch and even less. Any set of beds worked as a 
whplo As known locally as a ‘x^ein,’ but it does not necessarily. 
furttjsJi a micable roofing materia? for its entire thickness. Foy 
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the fine ^Maincd slate may have hods of a coarsei' scthtiient inter- 
stratified with it, wliicli ernisc irregularities in the planes of cleavage, 
and so give rise to inferior products. Sometiincb unprofitable rock 
is taken away abo^ o tlio good slate in order to reach a firm lat er, 
such as a bed of ;iaficanic ash, or a ‘whinstone’ dyke, which can 
be trusted to stand as lhi‘ ro(jf of^the uudiTgrouud chambers. 

'I'ho ^alue of a slate bed, oj' ' vein,' depends greatly upon the 
number and nature of the natural joints by which it is intersected. 
If they are numerous, tlic w^tkmgs will yield blocks too smali^for 
making the larger and higher priced si/.es of slates; if they jare 
rare, more expense will be ineurrod in severing the maierial from 
its bed. Disturbances of th<j strata, resulting in fissures filled 



I'lO. 18.— -So tioii of ilu‘ Oakley Qiiarries, I’e.^tiiung.* 


Agh Ag, vmI eainc aggloDierafcs ; 1, .slate vein worked at Wry'igiTi and 
New Quarry, Diglnvys ; 2, new or south vein ; ' old vein ’ ; 4. 2 a vein ; 

5, hack vein; i?. norili vein, Wl), ‘whinstone. ’ dj'koa (diabase); 
]torpliyiite ; As, voleanic asli. 

either mechanically W'lth clay and broken slate, or ehemically by 
the deposition of quartz, maj" I’ender the ‘ vein’ utterly worthless 
in jilaccs; but, as in the case of other bedded deposits, changes in 
productiveness ari^ far less frequent than wfith lodes. 

Sulplnn ". — The industrial sources of sulphur are ; (1) Deposits 
of native sulphur, and (2) iron pyrites. 

• Native sulphur occurs as a jiroduct of volcaiifc emanations,, and 
in sedimentary deposits. Dejiusits-of the former kind are generally 
found at or near sjicnt vulcanic outers, the escape of si^pliurotted 
-hydrogen being one of their last signs of activity. Sulphur has 
been work<id on a small scale at the famous Solfatara of, Pozzuoli, 
near Naples, at Vulcano, one of the Lipari l8lande,^and in 
volcanic regions in various parts of the world. 

* Made by Mr G. J- Williams, H.M. lu.spector of Mines. 
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Seams or beds bf sulphur oecur iii (Calabria, the Romagmi, 

and other purls of Italy, and also in Croatia, Spain, and France. 
By far the most important beds are those of Sicily. 

Tlie accompanying section (tig. li>) shows* a scctitm of the 
country near Callagirono. The leticr a deia^h's hods of clay 
(Tortoniaii ) ; b is tripoli (Sarmatian) ; r is the Itcd <>f sulphur* 
bearing liimjstone ; d, whih; marUor inatly foraminihna, called 
‘tauhi^ in Sicily ; c, blue <-lay calcan^ms tufa. The beds 
a, hf c arc considered to helomc to t%' I'p pt'i- Miocriic, whilst d is 
plac.ed ill the Lower Plioc('nt>, and e and y in Up})er Flioceiie. 

Tile sulphur-hearing lt(‘d varies fnan a hard white limestone 
to a grey marly limestone, and from this to a mai'I ; tla; suliihur 
itself is always in the native state, f(>rmnig little glolmles, lamimn, 
(ir irregular lemsos, varying m thickness and extent. It is oiten 
crystallised, and associated with it are edestinc, gypsum, calcite 
and aragonite; in the clayey beds lliere is also bitumen, which 
IS objcetionahle, as it gives a dark colour to the product obtained 
by liquation. 

The thickness of the sulphur .scams varies within viay wide 
limits. Be(l,s of 2U ft. thick arc common, and at Leiciira the 



Fm 1?. Siil[>liui scum, in.'ar (kihagiioi)^, Sicily.* 


stratum reaches the enormous thickni'ss of ICdHi. Frecpiently 
there are two or three beds; at tlie great Somantino mine, for 
instance, the de[)osit is 100 to I IT) ft. tfiic.k, divided into six 
separate# seams, from 0 to lib ft. each, by partings of barren 
rook. 

,The yield of sul[)hur rock may bo taki'n on an aviTage at about 
22 per cent., though orcasamal rich seams give as much as 45 
per cent. 

The Sicilian deposits are considered to have heiai formed by 
ohemical [irecipitation from aqueous solutions in lako.s. 

After tlfe dcscriptioiFof the doposits of cupreous pyrites at Kio 
Tinto, it is quite uiiiiece.s,sary to say anything more about such 
soiirooi^ 0^ sulphur. 

Tin . — Tin ore is obtained from veiii:^, bed.s, and a variety of 
irregular deposits. 

* J^ldacci. Vescrizione yeologica ddV %oTa de ,Siciha, Romo, 1886, p. 296. 
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In Cornwall many of the veins in granite 'are due to the 
alteration of the rock in the neighbourhood of fissures, as has 
already been cxi)laiucd (fig. 4). The so-called carhonas of the 
St Ives district arf* essentially masses of stanniferous schorl rock, 
very irr(^gular iiusha ))0 and connected with a main lode by a 
cross jonit. or fissure. They seem. to be altered granite. 

Bods oonlainmg tin ore in tie form of rolled ])ehbles and sand 
occur with the alluvial depo!;^its of existing valleys in matiy 
countries. I'he principal O'rnish ‘stream works’ have Ic^ug 
been ('xbaustod, though as lately as 1873 tin ore was raised from 
a bed under Kestronguet Creek, a branch of Falmouth harhour; 
but similar alluvial liiids in the Malay Peninsula arc yielding 
more than half the world’s su])ply of the metal. Kew^ South 
Wales is remarkable, not only for its recent staimiferous alluvia, 
but also for mueli older deposits, which, like the ancient gold 
gravels, have been prescTved under a covering of basalt. 

Zinc . — /inc ore is fouitd in veins, beds, and irregular masses. 
Liidericb mine, situated near Bensberg on the right bank of the 
Rhine, not very far from Cologne, derives large quantities of 
blende from a huge vein in the Devonian rocks. It may behest 
described as a zeme or belt of broken or disturbed rock, 130 to 
164 ft. (40 to hO mefres) wide, containing ore in irregular veins 
or masses. Tlie ore budic.s arc asaally lenticular in shape, dying 
out gradually in every direction ; they sometimes consist of 
solid hleudc ior a width of several yards. The minerals found in 
the lode are : blende, galena, copper pyrites, fahlerz, quartz, and, 
rarely, chalybitc. The fahlorz is silver-bearing, and the blende 
always contains cadmium, and occasionally gallium. 

Dicpeiiliuclieu mine, near Stolbcrg, in Prussia, is interesting 
,noi only on account of being a large producer of zinc ore, but also 
because some of it is derived from a great stockwork, a form of- 
deposit less common W’itli zinc than with tin. The stockwor^ 
consists of an oval mass of limestone full of little veins of blende ; 
it is about 130 yards (120 metres) long from cast to west, and 60; 
yards across from north to south. ^ 


(5) Faults. 

All kinds of deposits are subject not only to irregularities 
dependent upon their mode of formation, such as i gradual 
thinning out or thickening, bnt to others* which have taken 
place subsequently. Sometimes a bed, such as A'B, has 
portion denuded by a cnrreiil during the general ^ 
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deposition. an occurmico is called a ‘wasli-ont’ or ‘dumli 

fanft’ (lii'. 20). 

In addition to irregularities nf this kind, di'posits sutler from 
the disturbaiiees vviiieli liave'taken place in thfl voct inasst's which 
contain thou. Hlight undiiltitioiu, of the strata are common, and 
when the distinhance lais heiai greater, the hods are tamt into 
arches and tnmghs, or (VtHrliua^^ and tfi/i/'-Jinafs. Further, the 
h^Jteral pressure may have lieen sutlicient t<f eau^e great cnimjding 
and contortion, and, in 2 >laces, to “yj vert the order of succession. 
When beds are much bout-, there is often, a thiekening in the 
anticdin.ds and synclinals, and a correspondiug thinning in the 
connecting limbs. 

A scries of beds may be so folded as t<j produce a mass of 
crumpled and contorted strata very unlike tlje original slieetdike 
scams. 

The disturbances of the rocks may tinally CiHJse naits accom- 



Fm. 20. — Wusliemt ‘ tiiilt,’ or Fjo 2b — VL’itioal ficetiou. 

‘ dumb fault.’ TlircAv of a fault. 


panied by displacements, wliicb are ca-lled fault, P j heamp^ throws^ 
or did(%. 

Tlie throiv of a fault is measured by the amount of vertical dis-* 
placement. If X Y is a fault shifting a bed A J> (fig. 19), draw 

E vertical and C F at right angles to 11 E. ’J'hen 11 F is the 
vertical downthri()w, OF rcpre.sents the horizontal displacement, 
and B C the shift along the line of dip. 

The study of faults is important, because the miner working the ■ 
bedAB^fig. 21), wants” to know, after reaching the fault XY^ 
where to find the contiuuatioa of the deposit. , The rule is to 
follow the greater angle. The angle A B Y is greater than the 
litigle 'ABX, and the missing part may bo expected somewhere; 
jaldngL.the line B Y. If the miner were working from D to C, the 
rule would apply, for the ai?gle IJ C X is greater tlian D 0 V.’ 



28 


THE ELEMENTS OF MINING AND CjHARBTING* 


■ This rule gives the direction of the throw, but affords no iudica- 
tibn as to its amount, wliieli may xary considerably. If tlie beds 
are distinctly marked by lithological peculiarities or by fossils, the 
minor can obtain nf^;ful information by driving through the fault 
into the rocks on the other side and endeavouring to strike some 
wcll-detined Ixorizon. 

The throw of a fault is not i^Uvavs the same ; it varies along 
the strike, and finally 'ties away altogctlior. , 

Near a fault a h('d is b»und /.fien t«» dip more steeply, as if jt 
had been bent before h broke. 

The rule that a ]>ortioii of the hanging wa,ll side has shifted 
downwards along the dip of the fault is not without exeeptions, 
especially in localities where locks are mncii Ixmt and folded. 
Fig. 22 shows a reversed or overlap fault. 



FlO. ‘22.* -Veitir.il su lion. 
Hevfrsod or ovcr];i]i fault. 



Fio. ‘J.*’..— Plan. Diagiam illusitratirig 
ZiuinKU'niaiin’.s nile. 


Aa mineral veins have been formed in rt*giuns where rucks have 
been broken and dislocated, it is only natural to ex[iect that tliey 
also should be allectcd by movements and shiftiugs of the'earth’s 
crust. 

Owdiig to the fact that veins are usually bigbly inclined and 
that there is often imieh difficulty in deciding how the dislocated 
portions of the rocks titled togctlier before they jvere shifted, the 
vein miner speaks of faults in different terms to the bed miner:. 
'Instead of talking of dounlhrowa and vpilnoivs^ he looks at tlie 
apparent >lnft sideways and calls it a Z/m/v-. 

, The subject of the heaven of lodes and hods has been elucidated 
by Schmidt,* Zimmermann,t and otiiors. 

' * Theoric der VerschiAnimf aVenr Gdncjf Frankfort, 1810. 

. f Me Wmleraur.ndihin<j veuoorp’itiii Ganffe, Loijfr'uvd Flotze. Darmstadt 
and beipsic, 1828. 
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Ziramermai)i?/5 rule for fiiuiiiin: the lost part of a vein oil the 
other side of a fault is as follows ; - 

Lay down u})on paper the line (»f strike of the fault (o'ws- 
roursp)^ and by construction ascertain the lior^oiital projection of 
the line of their intersecliou ; from the point where the cross- 
course was struck by tlie lode, draw a bue at riglit angles to the 
former and directed to its opposite walk Notice on which side of 
the line of intersection this perpend tculariul Is, aiul, afti^r cutting 
through the cross-course, seek tlitiJicaved part of the lode on that 
^fde. * 

Thus lot ATI (fig. 23) represent, at some given ilcpth, the lino 
of strike of a fault or cross-course dijipiug east, and C D the line 
of strike of a lode dipping smith, and we w'ill sup]Ktse that in 
driving from 0 to I), in a westerly direction, the fault has been 
met with at D. Knowing the dip of the lode and that of the 
fault, it is easy to lay down, on any given scale, A' If and C D', 
the lines of strike of the fault and lode respectively, at. a certain 
dcjitb, say at ten fathoms, below A Ik Tlic point D", where A' IT 
and (f {> meet, is one point of the lino of intersection, flojn D and 
] )" and prolong on each side, I'lie line M N represents tlic horizontal 
projection of the line of intersection of the two jilanes. At D 
erect 1)K at right angles to A B, and directed towards the 
ojiposite wall of tlu; faull. As DE falls south of M N, the miner, 
after cutting through iJie fault, would drive in a southerly 
direction, and eventually strike jb(‘ lode again at F. Jt will be 
at once understood that if the miner were following the lode from 
G to F, the pcrpcudicnlai* wanild lie to the north of the line of 
intersection, and following tlic rule he would drive in that 
direction, after cutting through the fault. 

When several faults dislocate lodes one after another, very 
great complications may aiLe. 



CHAPTER 11. 

DISCOVERY. 

pAfiES might he writicu abiuit valuable mineral discoveries which 
have come about by jmre chance ; and one need only look back 
upon the last half century to he convinced that these accidents 
have had a jioworful eHect upon the fate of nations. The finding 
of gold by Sutler brought a jiopuiatioii to California which 
speedily disco\crc(l that the precious metal was not the only 
treasure obtainable from its soil; the peopling of the West 
niKpiestionahly hastened the spread of civilisation across the 
whole continent, and in so doing very largely eonduced to the 
prosperity and stability of the United States. 

What would Australia he at the presemt day if the discoveries 
in the early lifties had not led to inrushes of eager gold scekers? 
The same may be said of S(nith Africa, and it is curious to 
speculate upon the far-reaching cllccts of the chance discovery 
of a diamond by an ignorant boy on the banks of tlic Vaal river 
and its recognition by a trader, only tliirty-six years ago. 
If the riches of the Kimherh^y treasure vaults had not attracted 
miners to South Africa, we might have continued to w^ait decade 
after decade before the mineral wealth of the Transvaal would 
have become known to its jiastoral inhabitants, and bef#j’e any 
- thought would have arisen of connecting the Cape wdth Cairo 
by rail. In a word, the rajiid growth of onr empire and of otlier 
countries has unquestionably been duo in many cavses to chance 
discoveries of mineral. 

If chance has done so much, it may be fairfy assumed that 
properly directed efforts, aided by all the resources of science,' 
can surely do more; and it therefore b(4iovcs the sttidcnt to 
lUake himself acquainted with the signs of mineral deposits 
often seen at the surface and with methods of discovery - 
praictised by those pioneers of civilisation known as ‘prospectbrs.^ 

■ . , The indications which guide the prospector are precisely “^hose 
hpon which the geological siirvt^mr depends in making bis maps, 
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vk.y form of the, ground, colour, nature of decomposed outcrop, 
ordinary springs, mineral springs, special plants and altered 
vegetation, burrows of animals, old workings, slag heaps, and 
old records. 

' If the mineral deposit is harder or softer than the surrounding 
rocks, it will affect the manner in which the surface is sculptured 
by atmospheric agencies. Hard rocks will be left pinjccting, ^ 
soft ones wull be cut into hollows, cspec’;illy if tliey arc im- 
ptU^ncablc. The outcrop of a hjft*d bed will be denoted by a 
steep face or escarpment, ;ind un^uelding mineral veins will 
project above the surface in the form of latge crags (fig. 24).. 

In most parts of our country those outcrops have been worked 
away and arc no longer api>ai’cnt ; but lode-quartz blanched 
by weathering may often be seen standing up several feet above 
the surface on the Welsh hills, and the run of some lodes may 
be traced for a long distance by a succession of tliosc outcrops. 
Fig. 2i) represents a huge outcrop of massive haimaiito in 
Brazil, known as tlic Pico dTtabira do Canipo. The haanatito is 
exceedingly hard and has resisted erosion better than the 
enclosing rocks. 

Deposits of soft substances like clay, or veins coiu])ost'd of 
yielding minerals, offer less resistance to rain, flood and frost, 
arc more deeply cut into th<‘Xii the surrounding rocks, and have 
their presence indicated by depressions. The searchers for 
china clay in Cornwall arc guided by signs of this nature. 

Colour is an important factor in the discovery of mineral 
deposits. Sometimes tlie valuable mineral has a distinct hue. 
A bed of coal may be marked by blackened earth at the surface, ’ 
copper minerals give rise to green, blue and red stains, which 
catch the attention very quickly. The common ores of iron 
arc red, broxvn, or yellow or black ; manganese ores arc often 
black ; l«xd ore furnishes a green, a. ^^ellow^, or a white coating ; 
cobalt a pink one, whilst cinnabar is the natural vermilion. 
Coloured minerals are often used as pigments by siivages, and 
in this way may be brought to the notice of explorers. 

A mineral deposit near the surface is frequently so altered 
by atmospheric agencies that it hears but little resemblance 
to the undeoomposed bed or vein which will eventually be met 
with at a •greater depth. A bod of hard shale will crop out at 
the surface as a soft clay ; but the most coiinnon cases of change 
are , furnif^bed by the conversion of sulphides into oxides or 
oxidised compounds, and the removal of some of the material 
in the form of a soluble sulphate. Thus iron pyrites, which 
"k such a frequent constituent of mineral veins, is converted 




?lO. 24. — Projecting outcrop of Vigre Lode, near Dolgelly, North Wales. 
From a photo^aph hy Mr G. J. Williams^ H-. M. Inspector of 
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I’lb. 25.— Pn u (I'Jtabiia Jo L'aui]»o, Hinas (Jeuiey, llrazil.* 

The main body of ore is of massive liamiatite, the slopes being coveied with 
rubble and some cuiiglomeiate ore. Pel ween the crosses is about 50 
metres. 

* H. K. Scott, “The Iron Oies of l^iazil,’’ Journal of Iron ami Steel 
Imlilute, vol. 4x1 , 1902, p. 210. 
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into hydrated oxide of iron, and a lode, originally consisting 
of iron ytyrites and quartz, becomes a honeycombed brown and 
yellow rock, the removal of the iron pyrites in the form of a 
soluble sulphatot. leaving cavities which are only partly filled 
np by oxide. T|;ie ferruginous solutions will stain and discolour 
the adjacent rock as they flow away. 

The ferruginous outcro]> oj mineral veins has been noticed in 
all mining countries. In Cornwall it is called (jnizan, and^this 
term has been carried by tjjfc* ubiquitous Cornish miner to other 
Knglish-speaking countries. * 

Tdie nature of a gozzan varies according to the composition of 
the vein from which it is derived. If the vein originally consisted 
very largely of iron pyrites, the gozzan will be mainly ochre and 
brown iron ore, often in botryoidal and stulactitic forms. If 
quartz was present also, a cellular, cindory, cavernous, ferruginous 
rock is the result of the atmospheric weathering. he former 
preseru'c of copper sulphides wull be denoted by tin? oxides, car- 
bonates, phosphates and arseniates of the metal, and the same 
holds goo(i with lead ; calamine points to the presence of hleiide. 

The depth to which the oxidising and Icacfiing action proceeds 
is occasionally only a few inclies, but often several hnmlred feet. 
Sometimes there is a sharp line of demarcation, sometimes a 
gradual passage, hetween the gozzan and the undecomposed part 
of the vein. 

Impervious beds, sueli as clay and sbale, will bar the passage 
of rain water as it percolates down from jjiervions beds above, and 
so cause the issue of springs. A line of these may mark the out- 
crop of a bed of clay on a hillside. 

Mineral veins are often cbannels for underground waiter, and 
may give signs of their existence, in an nndrained country, by 
discharges at the surface. 

If tlie water of a spring contains marked quantities ofsalt or of 
other minerals, it may indicate the jiiesenee of a W’orkablc deposit. 

Both plants and animals may be of service to the prospector. 
As ditrerent jilants require diflerent nourishment, it is only natural 
to siijipose that a change of soil causes a change in the vegetation. 

Clays will retain water and naturally favour the growth of 
rushes and other moisture-loving plants. 

The effect of salt in the rock.s is especially marked, for there 
are many planls wiiieh either flourish liest when getting salt or 
cannot exist without it. There are also special plants^ which are 
regarded by prospectors as indications of phosphate of lime and of 
the ores of copper, lead and zinc. 

Though not indicated by ahy special plant, the presence of a 
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fio. 26 . Huge outcrop of gozzan containing copper ores, at Mount Constantine, Cloncurry, Queenslana. 
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minoral deposit may soimeLimos De sus]>ected fiflrn an alteration in 
tile appeaiaiice of tlie tiees or grass along its course, according as 
the deposit in <]ue.Htiou exerts a favourahlc or unfavourable action 
on the soil. Many veins conlain large (juuntiiies of iron jivrites, 
which jiroduees plant {loisoning sulpliates as it decoinposi'S It is 
mdy natural, therefore, to suppose that grass would grow less 
luxuriantly upon a wide pyriions vein than upon adjaianit slate, 
and that a decided s^treak of alUn-ed colour and growth woul,d be 
visible in the turf. / 

Any burrowing^ animal may bring up small fragments of a 
dcjiosit hidden beneath the sod which otherwise would remain 
unnoticed, tlreen sand thrown up hy a wombat led to the dis- 
eovei V of eopper ore in South Australia ; yellow' earth in the 
buirow' of a ‘luCeikat’ {ichneiunon) was the indication which 
guided a prospeidor to a diamond ‘jiipc’ncar Kimherley. Ants, 
gophers, moles, tdc., have all been the means of funiishiiig signs 
of mineral deposits. 

Traces of old workings, such as pits, gashes in the Idllsidos, and 
rubbish heaps, often tell useful talcs (tig. 27). When the 
\\orkinjj:s were shallow’, the minin' j)ul down shafts in idose ]irox un- 
ity, and the hue of a series of shatrs and lubbtsh heajjs will give 
a fairly eorrect idea of the st rike of a lode. The rubbish heaps 
Will show what was the ore worked, and with what it was 
associated. It often liajipens that mining refuse, throwui away as 
w'ortidess in the days when dressing appliances were crude and 
rough, will [lay foi being woiked over again. Mven old nuns may 
be useful iii yKiiutiug indirectly to mines. I'coyde do not settle in 
a country without a reason, and mining is sometimes their object. 
Fig. 2S illustrates a ease in point. 

Heaps of slag show that, smelting oyiei'ations have been carried 
on, and as earriagi- was ddticult and expensive in old days, it may 
usually be assumed that there are ancient workings in tl?e vicinity. 

t dd iinne yilans, reports and deeds sliould be consulted when 
available ; and information should be souglit from oflieial geological 
surveys and mining records when they exist, as they do in this 
country, in Australia special maps arc prepared by the Govern- 
ment for tlie use of prosjicetors. 

A knowledge of geology may be of the utmost value in directing 
the searcher to localities where lie has a reasonahlr prospect of 
success, cr in teaching him where his etToits are sure to lie 
fruitless. 

If a. given geological horizon in a neiglibouring district or 
country has yielded some valuable bed of mineral, scientific 
knowledge will assist the woutd-be discoverer in ferreting out the 




llie di,sco\ ery of the Coal Measure.^ iu KciiL luidor a thick 

hriHiant geological 


* Alfoid, “ Gold Mining in Egypt,” Psuc. InsL M. M., vol. x., IDOi 2, p. 2. 


Fig. 27.— Ancient workings for gold Rt Dehach, Egypt. 
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We now come to the actual processe.s of searc^i. The commonest 
is known as ‘ .si loading, ’ and it may he supplemented hy ‘Ironch- 



iug/ ‘Probing’ and ‘husliing’ are valuable in certain cases, 
and liiially the di[)ping needle is regularly used in searching for 
deposits of magnetic iron ore. 

• A A ford, op, cit. 


Fig, 28. — Riurs of an ancient mining town in Egypt. 
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The presence of*a mineral deposit may, be inh'rrcd not only from 
a conspicuous outcrop, standinpf out prominently above the ground, 
but also from fragments which have become detached in the 
process of weathering, and which now lie about 4 )n the surface or 
have been washed down the hillsides into the beds of brooks. 
Such loose fragments of veinstutf are known in Cornwall as 
‘ shoadstones,’ and the process of ^.racking the ])arent lode hy 
titey' means is called ‘slioading.’ The prisjjoctor, armed with 
pick, sliovel and pan, pursues his s^a^di more especially in places 
where ho can obtain natural sections of the strata, such as the 
beds of brooks, and he carefully examines the stones which they 
roll along when in flood. From time to time he digs u]) samples 
of the gravel and washes it in liis pan to see whether he can iind 
tiaoes of gold or other heavy metallic minerals. Pieces of tlie 
veinstufl' in the brook, or particles «»f metal or ore washed up in the 
pan, tell of a deposit higher up, and tlic seaieh is continued until 
from more fre<pient or more marked indications the prospec.tor feels 
that the goal cannot be far off. Finally, he may be rewarded for Ins 
toil by the sight of a seam or lode laid bare by the brook, or by 
cctming across a prominent outcrop on the hillside. By digging 
trenches at right angles to the presumed strike of the deposit, he 
is able to trace its course even when it is hidden under the soil. 

Hushing consists in causing a stream of water to rush down the 
side of a hill and cut a ditch through the soil, so as to lay bare 
tlic outcrops of mineral de]»osits if any exist. 

In some speiual eases when tlic mineral lies very near the surface, 
and is either harder or softer than the surrounding rock or has a 
peculiar colour, the searcher makes use of a shai p steel rod or a 
pointed stick, which he thrusts into the ground. 

Kauri gum and the well-known French burr-stones, which lie 
in sand and soft clay at a depth of 10 to 18 ft., are found by this 
prodding* or f)robing process, and the presence of tin-bearing gravel 
in the ^^alay i’eninsula is detected in a like manner. 

In the s]>ccial case of magnetic iron the prospector employs a 
dipping needle. This consists of magnetic needle delicately sus- 
pended so that it can move with great freedom; the prospector 
w'alks over the couutiy and from time to time observes the needle. 
If one end dips down he knows that a de])osit of ore is near. By 
making a number of oCservations he can trace out the shape of 
the deposit. 

From the above remarks it will be seen that the miner is greatly 
aided iu his search by a variety of direct and indirect indications ; 
but ill a new and unsettled country the physical difficulties are 
often so great, that strength of b<My and capability of supporting 
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fatigue and iiardRhipb l)ecouK‘ some of the iiiost'imjK>i taut qualifi- 
cations of (lie prospector. He slionld have a geiii'ral knowledge of 
geology, and iindin-stand minei*alogy sntliciently to recognise all 
the common and"valuahle minerals and their ordinary associates, 
and to confirm lu^ ojnnion by sim])le tests. The pick, shovel, and 
pan should he handled with ea.se, as well as th<' rdh' end the gun. 
Keen and good eyesight is a r*?mc qua non ; a myojiic prospector 
would fail to recognihe natural features, and a colour blind pe/‘son 
would not he struck by im<-,Vortant dilhaenecs of tint; tinally, a 
sanguine temperament is desirable, for disapjiointments mijsf. be 
freijueiit. Ibider these circumstances it is not surprising that 
some persons compari* the searcluir for minerals to the maker of 
j)oems, and say ; pnn^furlor naacLtiii- non fit ] but given the reejui'^ite 
physical and iiK'nral qualificalimis, it must lie admilied that scieii- 
tilic training will greatly aid the piospector in his calling. 



CHAPTFjt;^ Til. 

BORING. 

The principal )mrpose« for which tlic miner employs T)oring arc as 
followh : 

(a) ^I'o ascertain the nature of a iniiKTal deposit, its def)th from 
surface, thic'hness, dip and strike. 

(h) To ohtain li(|aid minerals, such as brine or petroleum. 

(r) To obtain gaseous minerals, such as natural inllammablc gas, 
carbonic acid gas, vapours containing l)oric, acid. 

oO To drain off gas from rocks, and water or gas frtuii mine 
workings. 

(c) To make passages for conveying jxnvcr into un(i('.rgroiind 
workings by steam, water, wire rojic^-, or clecti’iciiy. 

(/) To introduce pi|x*s carrying a freezing solntion, for the 
Toetscb or congelati(ui process. 

(g) To eicavate mitie shafts. 

There are three princif»al methods of horing, yiz. 

1. By rotation. 

2. By percussion, with rods. 

3. By peT’CUssion, with ropes. 

• (1) Boring by Rotation. 

Soft rocks, such as clay, soft shale, sandy clay, and sand eati 
he bored by an open anger like the common (carpenter’s tend. As 
the hole is deepcujcd, the handle lias to be lengthened aft(;r the 
fashion of the wcU known chimnc'y sw'cep’s hrnsh. But thi* rocks 
most commonly exj)lored hy tlie miner are to(> liard for such 
augers, an^ arc attac.ke^ by tools iu the form of Imllow (ryliiiders 
armed wnth diamonds or wnth steel t(‘eth. 

The working part of the diamond drill consists of the so (tailed 
‘crown,’ whicli is a short hollow cylinder of cast steel, at one 
end of which a number of black diamonds are fastened in small 
cavities. The crow'n is screwed cyi to wrouglit-iron pipes, wdiich 
are made to rotate, with the result tliat an annular groove is cut 

41 




I’lG. 29. 


the stream of water pumped down the rods, which ascends through 
the aminlar space around them. 

The ‘ iJauniless ’ (tip:. 29) is one of the diamond drills made 
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by the Bullock Company of Chicago, for b(jrii}g 

prospecting holes, and is caj)able of drilling a 2-in. hole'lo a depth 
of more than 2000 ft. and furnishing cores 1/^ in, in diameter, 
(ku'cs showing visible gold have been brougdit up from a hole 
2r)00 ft. deep, bored by one of these drills noar^lohannesbiirg. 

Tlie machine is eonstriieti'd as follows : A is one of a jiair of 
cylinders, driven by steam or c<vn])ressed air, which work the 
be^’cl wheel I> by gearing. The feed screw* C Cl can slide n-adily 
11 ^) and down through l>; but as fl Vn'ries a feather lying in a. slot 
in C, the latti'r is driven round when the former lotates, J) is 
the <-rn\vu set with diamonds, screwed on to the first [liece of 
boring tube Cf', attached to C liy the chuck O', d’he hose H, 
coming from a sjx'cial [unn}), brings in a continuous supply of 
water wliieli passes down C and eomes out th rough 1>; 1”, 1*', F'", 
and C‘, G", (.b", eon^titute the ditlereiil lal feed-gear for causing 
the feed-screw C, and consequently tiu' bit 1), to tleseend as the 
bole IS (h'epeiied. 

\'\ 1'’", and V" are eonneeted with 1> so that they revolve wlien 
It doi's ; (b, and Cf'" are loose nn th(? cf)'unter-shaft, but any one 
()] them can bo made fast to it by oj)erating the eluteh II. K is a 
toothed w heel attached solidly to the bottom of a feed nut through 
which C passes; when K rotates it causes (1 to ascend or desecaid 
L IS a wlieel ctjual in size to K, which it drives when the shaft is 
rotated ]»y G', (F’, or G'". 

If F' and G' had the same number of teeth each, one revolution 
of B would make one revolution of G', oiui revolution of L, and 
one revolntiiui of K ; conseiiiiently the feed-nut attached to K 
wa)u]d be revolving at the same rate as C, and C wauild not de- 
scend. Ill reality O', G", and G'" have a slightly smaller number 
of teeth than F', F', and F"'; therefore one revolution of F' 
causes slightly more than one revolution of G'. K mi»ves r/U her 
faster than (J, and G descends slowly. As arranged in this par- 
ticular case, the gear F' G' causes C to descend one inch for every 
300 revolutions, the gear V" (F' gives a fee<l of one inch for every 
450 revolutions, and F'"' iV" a similar feed for 750 revolutions. 
The driller is thu;? enabled to regulate Ins feed to tlie haniness of 
the rock bored. In practice these three s])ceds of advance have 
been found suflicient. 

M is a hnirri which is used for hoisting the rod out of tlu^ hole; 
N is a hinge upon which the wdiole of the boring head can be 
turned, so as to leave the mouth of the liole piudectly free wliile 
raising or lowering rods. 0 is the thrust register, upon which is 
indicated hy a dial the resistance exerted by the rock against the 
bit. This is an addition of great importance, for by watching the 
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indicatur tlio driller can d('t.rct changes in the •hardness of the 
strata passed through, and can measure the exfu't thickness of the 
hard and soft botls before he lias seen eillier the enttini^s or the 
cores. Th(i thrust register prevents the possibility of drilling 
through a bed of «oal or other mineral without its bi‘ing iioliced, 
as lias hajijiened when tlie seam was so soft that it failed to 
furnish a core. The rod is lejeithened as the drilling |)rocet'ds by 
screwing on piece afA>r piece ^lelwceii C and the topmost i;od 
projecting above the hole. •* 



Fio. bO. — Siiiall juospectiiig 
Diamond Drill for ns<‘ 
uiuleigroimd, diivcn by 
compresseil iiir. 



After drilling has gone on for a while, the rotls ai-e drawn up, 
and the crown is replaced by an extractor which will wrench off 
the core and hold it fast till it is hrought t*> the surfacejr 

Small diamond drills, which will bore in any direction, and 
which are driven by hand, compressed air, or electricity, are 
largely used both above and below ground for prospecting. 

* Lane, “ Diamond Drilling Machines,” Minra and Minfvals, vok xx., 
1900, p. 24'L 
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Exi»lorati()ti b>; ihcso liMle uuicliines m 
very decidedly eheaiaT Ilian by driving 
or sinking by hand in hard rooks, and 
fully ten tunes as quick. On the nlhcr 
band, the ground is nut ojtoned (nit as it 
rt’ould be by a shaft or dnfc, and the 
sample furnished is but small. 

The iT'dyx diill works in Ihe’saine 
ma*nncr as the diamond diill, savi!;»th'it 
tki annular groove is cut by steel teeth 
instead of diamonds. 

In fig. A is the toothed steel crown, 
showuion alargerscale below , it is screw ed 
inlo the core-barrel Ji, to the ujiper end 
of wduch is attaelu'd the reducing plug C. 
This receives the lowest of tlie hollow' 
h'Ugthening rods. 1) is a long tube ;d)o\e 
the et'ro-harrel whicli eatehes the coarser 
particles of detritus and Indds them nnld 
t in tool is drawn up to file surface, 'flie 
arrows sho\\ the course of tlie flushing 
water, wdiich is pumped down the hollow- 
rods and ascends outside (he Cure-harrel. 

I ’n reaching tin* top of I he sediment tube, 
or ‘calw,’ the vidoeity of (he (oinent is 
at once greatly diminished, owing to the 
incr<'as(‘in size of the annular spaet', and 
the heavier ])articles fall to the bottom 
as show'll. When the core lias laam mit 
out so deejdy Ibat. it nearly fills the core- 
barrel, some small peidiles an* dropped 
down the hollow boring rods. Ibey fall 
betAveen the core and the inside of the 
eore-barri'l, w edgingt bemselvesin tightly ; 
the core is tlius gripped so iirmly that 
it breaks off whim the rods are bftial, and 
is brought to the* surface w'ith the core- 
barrel. 

(2) Boiiiig by Percussion with Bods. 

Tlie rods are made cither of iron or 
\v(tod. 

An ordinary boring plant conskts of 
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the cuttinjj^ the rods, n, sniiahlo frame-work f>r derrick for the 
})urpose of coiiveuic'Dtly raising and lowering I, hem, and the 
necessary driving niachinory ; in addition, there must he clearing 
tooK, and a|>})liai>?es for remedying accidents, lining the bore- 
holes, and obtamiijg sam])les (»f the rocks traversed. 

d'he act ual cutting tool is nsnally a chisel of some kind, lAir 
soft rocks the edge is straight;* for hard rocks there are wings to 
guide tiic tool and kc^'p the hole vertical, or even s])ecial gm^lcs 
above it. *• * 

The lengthening bars or rods are made of iron of sijuarc secti(?n. 
The usual mode of conncctatii is a screw joint, care being taken 
to have all the bars alike, so that any two bars can be screwed 
together. 

d'he height of the derrick, tower, or shears erected abovi' the 
bore-hole should be some multiple of the length of the n>ds, so 
as to be able to detach or attach two or three lengtlis at a tune, 
instead of having to make and unmake every joint. The rods 
have tuo shoulders at each extremity, so that the upper (»no can 
be used with the lifting ho(‘k when the lower is resting on a key, 
A cajt may he screwed on to the topmost rod and used for raising 
the rods instead of em]iloying a lifting hook. 

The work of boring consists in raising tiu' rods and allowing 
them to drop and lot the chisel fall ujion the hoitoin of the hole , 
each time that they are raised th(\v are turned slightly in order 
that the successive blows of the chisel edge may strike different 
parts of the bottom of the liole. After the chopjiing action of the 
chisel lias gone on for a time, the detritus mu^t he removed by a 
clearing tool, and before this can he done the cutt ing tool must bo 
taken off. I’he rods arc drawn up and taken off length by length, 
and as soon as the hole is free the clearing tool is lowered, either 
by the rods in precisely the same way as tlu* boring chisel, or by 
means of a rojie and windlass. The clearing tool is dsually a 
hollow' cylinder with an ordinary clack valve i*!* hall valve (shcll- 
P'uuip or sliuhier) (No. 7, fig. 34). It is w’orked up and down a 
little till it is tilled, and it is then diawui up to the surface and 
emptied. The operation is repeated if necessary, and the boring 
is resumed with the rod. Where labour is cheap, bore-holes may 
be put dowui even to a depth of 200 ft. without any appliances 
beyond the rods, the chisel, the sludger, a^d some large spanners 
for making and unmaking the joints and holding up the rods. 
J)r Walter Saise, the Sugeriiitendcnt of tin* large mines of the 
East India Hallway, has been most successful in boring for coal 
in this manner ; but in KnroTie recourse is had to mechanical 
appliances long before such depths are reached. 
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For doptlis not exceeding fiO to 80 ft,, Arrault, a well known 
licnch engineer, employs the simple plant shown in ?\<r, 33. The 
man at the windlass raises the rods by turning the handle, and 
the master borer detaches them and causes tlieiii to fall bv simply 




48 


THE ELEMENTS OF MINING AND QUARRYLNG. 


For greater depths a lever is usually employj^d, the rods being 
suspended at one end, while the other is moved up and down by 
hand or }»y rn;iehinery. 

inetliovls qf boring with iron rods much employed of late 
years on the Continent an* those of Fauck and K.aky. 

Fauek’s metlu'ij e<»nsists in giving the cutting tool a rapid but 
very short stroke, whilst at the same time the bottom of the hole 



I'lG. o4. — Tools ior a Miiall l’»oring TlaiiL. 


1, giudt* tube; 2, bit or {Jum'I with wings; strniglil bit or elnsH ; 4, 
oidmary open scoop or wnnble ; 5, scnoj) oi wimbb* wdth auger; 0, closed 
scoop; 7, sludgei with hall vahe; S, bell sciew or screw gr.il) ; 9, auger; 
K). coiubination bit .'uul slndgei witli ball valve ; IJ, combiuatioii augor 
and sludger with ball valve; 12, holing lod ; 13, matching piece; 11, 
wrencli loi miscrovving loda; 15, inatchiiig or lengthening [uece ; 16, 
clamp; 17, clamp with eye; 18, wivneh ; 19, retaining or supporting 
key ; ‘JO, c»p ; 21, tiller ; 22, ilouble wiene.h ; 23, scra])er ; 21, picker. 

is constantly flusheii by a current of water brought down through 
the hollow rods. No beam is used, but the chain or rope to which 
the rods and boring tool are suspended has an up-and-down motion 
imparted to it by the* aid of an excentric. This arrangement 
enables the number of strokes per minute to be increased very 
considerably, even up to 250, whilst the length of the stroke is 
often as low as 5 } in. (80 mm.*). 
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The main \vhoe]*A carries the excentric B, the fa|>p1iance which 
imparts motion to a chain or rope, attached by one end to the 
dnnu C upon which the reserve is coded, 'i'he other jiart of the 
(diaiii or rope passes over the guide pulley 1), under the excentric 
Ji, over (he two guide pulleys E and E, and h.vigs down to G. 
This end is attached to a swivel jusj .above the first rod. When 
A revolves, the exc,entnc alternately* presses down the chain and 
lots jt come up ; the 
amount the tool is 
raised and lowered is 
evidently (;(|ual to 
twice the stroke of 
the excentric. 

The boring tool it- 
self i s u s vial 1 y a c h i sel ; 
when cores are re- 
quired, it is rejilaced 
by a toothed hollow 
»'yli!uler. By revers- 
ing the direction of 
the flushing current, 

Fuiick is able to 
obtain cores con- 
tinuously without 
stopjiing the work. 

They break off of 
themselves from tlie 
vibrations produced 
by boring, and are 
washed up tlie hol- 
low rods and caught 
at the top. 

The principal jie- 
ciiliarities of the 
K#ky system of bor- 
ing are as follows 

{a) Beam sup{)orted on a bearing carried by springs with tiio 
object of giving elasticity to the working parts. 

(b) Stroke rapid and short; 80 to 120 blows per minute, of 

3 or 4 in. eacli. 

(c) Bods made of Manncsmann tubes. 

(d) Water flushing. 

Wooden Rods . — In some districts wooden rods are found more 
suitable than iron ones. They have been largely used in Canada, 

4 
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¥i(is. JJ6, 37. 

The piece supporting the boring 
tool lias two wings whicli rest 
upon hlioiiHcrs at the top of n 
long slot in a cylinder attached 
to tlie lowest rod ; hy giving 
tho rods a sharp turn to the 
left, the wings lose their sup- 
port and the tool drops. 


and hence the syboem of employing 
tliem is known as the Canadian method , 
of horiiig. 

Wooden rods are lighter and more 
easily raanipiilatod than iron rods, be- 
sides which they are more easily re- 
p lired, a matter of much importance 
11^ districts far from foundries and 
engineering shops. 

The rods arc often made of two 
ash poles joined together by strapping 
plates of iron ; at each end a forked 
iron coujding is riveted on, terminating 
by a conical male or female screw. 

Free-falHng Tools . — When a large 
or deep holcis being bored, the w’cight 
of the rods is so grept tliat much 
vibration ensues when they are sud- 
denly arrested by the chisel striking 
against the bottom. Various devices 
have 1)0011 contrived for overcoming 
this diihculty, among which may be 
mentioned the free-fall tool shown in 
figs. 36 and 37 . 

Ac€i(lmU.~Too\^ for dealing with 
accidents are numerous, and many 
of the contrivances used are very 
ingenious. 

Among the accidents is a breakage 
of the rod. If the rods are not' 
tig(Iitly jammed in, a claw called a' 
crow’s foot (figf 3 S) is lowered and 
turned round till it catches a rpi 
below one of the shoulders; it is then 
drawn up. 

The tool shown in fig. 39 seiwos 
to cut a thread upon the end of a 
broken rod. The position of the, 
broken end is first ascertained by 
taking an impression upon tallow or 
wax, and the coiie is then lowered 
011^ to it; by turning it round,' a* 
thread is cut on the broken oail,; 
which gives hold enough to raise me: 
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-rods. Broken ropes can bo Cii 
rosombliiig a corkscrew. 

If tlio cutting chisel is broken, 
may be used to fish it up, 
and more recently a strong 
electro-magnet has been suc- 
cessfully employed for the 
purpose. A big broken cbisel, 
weig‘hing as much as 2 cwt., 
may even be gradually chopped 
\ip into })ieces by continuing 
the boring jirocess witli a new 
tool. The small fragments 
are then extracted without 
difficulty. 

— Where the strata 
are soft and would fall in, tlio 
hole has lo he lined with a 
tube. Tubes are usually made 
of iron or steel. 

Fig. 40 is a tube of riveted 
.sheet iron with soekets fixed 


Light and drawn up by tools 
some kind of grasping iHi)pers 



[US. aft, Cruw’s Fic. ‘10.- Lining 
Foot and Bell- Tube for a 
screw. Borehole. 


•m, which enable the Joints to 

be made by screwing. The tube may be made with screwed 
joints, so arranged that it is perfectly smooth outside and inside. 


(3) Boring by Percussion with Eope. 

The use of the rope for boring is of very ancient date in China, 
and the process has been brought to great perfection in America 
for the [mrpijse of obtaining petroleum and natural gas. 

The first operation consists in erecting the drilling rig, consist- 
ing of the derrick, steam-engine, band-wheel, walking-beam, 
bull-wheel and sand-pump rCcl. 

The derrick (fig. /I) is a framework in the form of an acute 
truncated pyramid, 72 ft. high, 20 ft. by 20 ft. at tlic base, and 
hbout 3 ft. square at the top 

By means of a belt, pc^wor is transmitted from an engine to 
'a wooden pulley ('-/) called the band- wheel; this is provided with 
a crauk {b)y and through a pitman (c) it actuates one end of the 
Walking beam (tf), 26 feet long, A smaller pulley bolted on to 
the “band- wheel enables the bull -wheel (e) to he driven by an 
‘eadlcsa rope, and, by means of a level*, a fiiction pulley (/) caif 
k® bjTought against the band-wheel so as to drive the sand reel... 
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Ill ;u]f]itioii (licrc are reqiiind 

1. A set of drilliii^^ tools (A, /q /)• 

2. A sand pump (■//>), or a bailer. 



Fio. 41. — American Plunt for boring willi Kopi*. 

S. A rope (V/), 1 inch in diameter, for lifting the tools. > ^ 

4. A rope (}/'), 1 inch ’’in diameter, for working the bailer/^r 
the sand pump. 
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7 ’he set of di illiyg tools is about 60 ft. in leiiglh, and consists 
of t])e following j)arts • — Rope socket, fig. 43 (and A, lig, 41); 
sinker bar, lig. 43 (and /, fig. 41); jars, fig. 44 (and 7 , fig 41); 



Finn. 12 fo 47. — Aiiiericviii Drilling Tools. 


auger stem, fig. 45 (ant* //, fig. 41); bit, figs. 40 and 17 (and If, 
%.41).^ 

The jars aio like two links of a chain, and tlieir object is 
to enable an n])W’ard blow to be struck if a bit sticks ; the 
force of tlii.s upward blow is increased by the moinentum of 
the sinker bar. 
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The roj)C-s(j(*,ket receives the end of the boriiig-cahle, any part 
of whi(‘]i can he (connected to the walking beam by a clamp 
arrangement attached to an adjustable link called a temper screw 
(lig. 48). 

’ Th(j hailer is a vvj-(»iight-irou cylinder 18 or 20 ft. long, with 
a valve in the bottom, which opens as soon as its projecting stem 
tonchos the ground. 

?' 



Fia. 48. — Ttiinpcr Fio. 49,— Sand 

Sco'W. I’liinp. 


The sand pump (fig. 49) 
is an iron cylinder 5 fi. or 
more long, with a valvf in 
the bottom and a piston. 
When it is lowered to the 
bottom of the hole the ])iston 
descends, and when the ]>iston 
is raised, it sucks the mud 
and debris into the cylinder, 
.ind they are rolained by the 
valve. 

'I'hc proper cable is placed 
u[ion the bull- wheel shaft, one 
end brought over tile crown 
pulley and attached to the 
sock(*t, and to this, in sucees 
sion, the sinkm- - bar, jars, 
anger stem, and hit. 4'he 
temper scrinv (lig. 48, and 
in fig. 41) is clamped to the 
cable, and its eye hvmg on the 
hook at tlie end of the w'alk- 
ing beam; the cable is now', 
lowered, and the string of 
tools hangs from the walking 
beam. The engine is set in 
motion, and as the band-wheel 
revidves, the crank turns and 
causes the walking beam to 
move up }\nd down, and the 
hit strikes a succession of 


blows at the bottom of the hole. As tho' hole deepens, the- screw 
above the clamj) is fed oni, mid when it can go no further the 
clamp is loosened, and shifted higher up after the screw' has been 
run back. 

The sand, gravel, and mud made by the chipping motion of 
the bit are removed by the nand pump lowered and raised by 
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the special rope *on the sand-pump reel, driven by the friction 
pulley. Tlie two ojxTations, drilling and clearing out, arc re- 
peated until the hole has- reached the requh’ed depth. 

'j'he Americjin system })resents very great adviviitagcs, especially 
whore holes have to bo numerous, and where it is not certain how 
long a well will retain its productiveness. On the other hand, 
in making preliminary explorations, of the rocks of a new district, 
soujo of the other systems may fairlj^ ckim the siijKu-iority, 
because they furnish actual cores* showing the dip, which give 
a fiettcr idea of the strata than pounded fragments. 

The Keystone drUlj wdiich is largely used for pros])ecting pur- 
poses, is a portable, self-contained rojie-drillirig plant, operated by 
a double walking beam carrying guide piille^’^s round which the 
boring rope passes from the winch on the carriage to the sheave 
on the top of the derrick. 

The driving pipe, which also serves tu line the hole, usually 
slightly precedes the drill, and drilling and driving go on 
alternately. 



CtIiI‘TEU IV. 

EXCAVATION. 

Mining excavations may be mafic l)y lianfl or In- nia(‘l»inery, and 
as the kinds of ground in which tlie work is cariied on vary 
within the widest limits, from loose quicksands to tlie haidest 
rocks, the apjdiances required and the methods of attack em- 
ployed are necessarily numerous. 

1 propose to divide the subject into three parts as follows : — 

1. I'^iXcavation by manual laliour. 

2. Excavation by machinery driven by steam, water, compressed 
air, or electricity. 

3. Certain special methods of excavation. 

(1) Excavation by Manual Labour. 

When excavations arc made by hand, the principal appliances 
used are: (uowbar, shovel, jack, wedsje, and tools for boinig holes 
and explosives- 

The crowbar is an iron lever. It is used fur ju'ising otl' blocks 
of stone, and for shifting them after they have been detached. 
In some cases it is the only tool enqiloyed in getting the mineral. 

Shovels vary a good deal in shape and make, according to the 
'Special purpose for which they are employed ; for instance, the 
large broad blade used for shovelling coal would be greatly over- 
charged if filled with heavy lead ore. 

The shovel consists oi a plate or blade of iron or steel to which 
a wooden handle is attached by means of a socket or two long 
straps. It is used for excavating soft or loose ground, and for 
shifting material broken up by other tools'. 

Easy ground, such as bard clay, coal, shale, decomposed clay- 
slate and chalk, requires tlic use of the pick and the shovel ; the 
pick breaks up the ground or cuts a preliminary groove in it, and 
the shovel serves to shift the broken material. 

The pick is a tool of varialjle form, according to the material 
66 
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operated on. Thifs there are the navvy's pick, the poll-pick, with 
a point and a striking end (fig. 50), and numerous varieties 
of the douhle-pointed pick (fig. 51), the special tool of the 
collier, but also largely used in ore and stovie mining. The 



blades of picks are made of iron with steel tips, or else entirely of 
steel. The tip ina}' be a point or a chisel edge. 

For convenience in taking the bluut tools to be sharpened, the 
blade is sometimes made so that it can easily and rajiidly be 



Fic. 58,— Universal Pick. 



detached from the handle. The ‘Acme' and the ‘Universal’ 
picks are of this class. 

The Acme (fig. 52) is a pick used for ‘holing,’ or cutting a 
groove in soft rock, in whicli case it is advisable to have a tool as 
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narrow as posHil)l(', in order to avoid the uuiiecessary work which 
a broad would occasion. The hlad(‘ is made with a notch at 
the top, and a wedge mtikes it fast to the head ; blades vary from 
] I to d lbs. in w#‘ight. 

The lTni\ersaI (tig. 53) has the large end of the shaft or handle 
fitted with a cast stetd or malleable iron socket; the small end iS 
])ut through the eye of the. blade, which becomes tirmly fixed, 
liecause the socket ♦and eye are carefully made to gauge.. By 
striking the small end of tjf/ handle on the ground the blade is 
loosened aiid removed. Blades of various shapes may be fTxed 
upon the same handle, which is sometimes an advantage in remote 


districts. 

, Wiicii the ground, though hard, is nevertheless ‘jointy,’ i.e, 
traversed by many natural fissures, the wa^dge 
comes into play. The Cornish tool known as a 
(jad is a pointed wedge (fig. 54). 

d’he so-called ‘pick and gad’ work consists in 
hriiaking away the easy ground with the j)oint 
of the j)ick, wedging off pieces with the gad, driven 
by a sledge or the pt)!! of tlie pick, or prising them 
Fio. f>l," Cor- 'vith the pick. 

nisi) Gad. In hard ground, such as slate of various kinds, 
hard grit and sandstone, limestone, the meta- 
morphic schists, granite, mid the contents of many mineral veins, 
excavation by boring and blasting is necessary, and even in softer 
rocks it is often economically advisable. The tools employed arc 
the auger, jumper, drill or borer, hammer or sledge {mallet^ 
(Cornwall), scraper and charger, tamping bar or stemmer, and 
occasionally the pricker or needle and the claying bar. 

tShell and screnv augers, rescmhling the tools employed by the 
carpenter, are used in such rocks as coal, gypsum, chalk, shale 
and bituminous liinestoiie. 

For couveuieuce of working, the auger is often supported on a 
frame and turned by a ratchet, brace. 

Fig. 55 represents the ‘Conqueror’ drill, which consists of a 
twist jmger a inserted into a socket h, into whigh passes one of the 
square ends of the feed screw c ; this works through a feed-nut r/, 
supported by two pins, which lie iii suitable recesses in an tipright 
frame made fast against the rofd by clamping the sliding part by 
tlie handle f and turning the foot-screw / by the handle rj. The 
feed-screw is rotated ])y a ratchet brace h or i, and it carries with 
it the auger a. 1 1 works its way into the ground by the abnisive 
action of its caitting end, and is fed forward at the same time, 
because the screw c travels through the nut d. When the boring 
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has proceeded so Jar that the rear end of tine feed-screw has come 
up to the standard, the auf^er is taken out and a longer one 
inserted. Instead of turning the feed-screw backwards, which 
would take time, it is reversed, for either enl^ will fit into tho 
socket h, and work is resumed without delay. 

In these days of pow’crful explosives, wedging may seem a 
primitive method of excavating ; but it is resorted to in some fiery 
collieries in order to eseajje the danger o4 igniting gas or coal 
dust by blasting. • 


Fkj. r>5. — ‘ Conqueror ’ Kotary Drill. 



A compound wedge inserted into a borehole exerts a powerful 
splitting action wlieu the central piece {jplug) is driven in by a 
sledge hammer, es])ceially if the rook is already severed on one 
side. Frain^ois* of Liege has introduced an ingenious ramming 
device, which enables the miner easily to strike a far heavier blow 
than is possible with a sledge hammer (fig. 56). A is the floor 
of a coal seam B ; G is shale, and D is sandstone roof ; E F is a 

* Collin, “Note snr lea nonveaux proet-des de coiipage des voies,* 
Jievue Uiiiv., vol. xxxviii., Liege, 1897, p. 268. 
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hole which has been bored and into which ha\e been placed two 
‘feathers' (hg. 57). The tail end of the wedge G is formed by 
a long square rod on which slides a heavy ramming block H, 



Flc. 66, — Fjati^ois wedge and rain, as employed 'oi ‘ripping’ the loof attor 
exea^atiun of the coal, iu older to make h' lghr for a loadway. 




pnsliod by a bar L M. A veuy large 
are in actual use on the Continent. 



Fig, 68,— Gripidng Appliance for with- 
drawing a Boring Bar. 


number of these appliances 

Holes may bo bored in 
tough clay or tough haematite 
by driving down a pointed 
steel bar. A tsomeopien work- 
ings for iron ore in Minne- 
sota,* holes 1 J in.in diameter 
and 20 ft, in depth are made 
in this manner ; the borer is 
withdrawn by means of a 
double-claw gripping appli- 
ance, which seizes it firmly 
when pressure is applied by 
means of two levers (fig. 58). 


* Head, “ 'I'he Lake Superior Iron Ore Mines,” i^roc. Inst. C.B., vol. 
cxxxvii., 1898-99, p. 72. • 
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Another simplb tool used for 
boring holes by percussive action 
is the jumper, a bar of iron ti])pc(l 
with steel, forged into a chisel- 
shaped edge. It is struck against 
the rock, and turned a little at 
each blow, and in this way ediips 
out a cylindrical hole. ^ 

/Phe jumper of the ClcvclaTid 
district (tiir. 59) has a swelling 
at one end, and is wielded so as 
to horc hoh^s at any angle. 

At- the Festiniog slate mines 
(fig. 60) the jumper has a swelling 
in the middle, and holh ends are 
sharpened ; the short end serves 
for beginning a hole, the large one 
for eomjileting it. 

When the rocks are harder, 
and also in situations where a 
jumper cannot be wielded, the 
miner must have recourse to a 
steel chisel, borer or drill, which 
is struck by a hammer or sledge. 
For hand drilling the steel is usu- 
ally I to 1 in. in diameter, 
)nil |-iu. or even |-in. steel is 
sometimes used. The shape of 
the cutting edge of the hand 
drills used at tlic Minera mine, 
North Wales, is shown in figs. 
61 and 62, the angle of the edge 
being rather less than a right 
angle. 

The hole is bored by striking 
the drill with steel hammer or 
sledge, and turning it after each 
blow, lloring is said to be single- 
handed if the miner holds the 
drill in one hand and wields the 
hammer with the other ; and it 
is called double-handed when one 
man strikes whilst the other turns^. 
Sometimes ther^i are two men to 


ft 






Fig. 69.--Uleve* 
laud Jumpnr. 





U 

Fig. 60.— Festi- 
niog Jumper. 
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strike^ one after the other, wliilst a thiref man turns the 
drill. 

In starting a IkjIc a short drill is chosen, ami longer ones are 

taken as the hole is deepened ; 
the smith is careful to njake 
the cutting edges (htfs) dim- 
inish slightly in widtli as the 
borers increase in length, T)e- 
causc the hole gradually "de- 
creases in diameter as the tool 
wears. 

The hammers for single- 
handed boring vary in weight 
from 2 to G or 7 lbs. Tlie 
hammers ‘used by the Festi- 
niog miners and quarry men 
weigh from 5^ to 7 lbs" (fig. 
63). The handle is 10 to 12 in. long. 

A good miner should be able to wield the hammer with either 
■hand, because he may liave to put in a hole close to either side 
of a level or atope ; he should also be able to strike upwards, 
bec.ause occasions arise where a hole bored in this manner will be 


y • ■ ivi.H, - * • 




o 
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iar more advantageous for removing rock than one bored down- 
wards. 

Tiie double-handed boring hammer or sledge (mallef, Cornwall), 
^Weighs from 6 to 10 lbs. or more, and the handle is about 2 ft, 
dong (fig. 64). If swung round .by strong arms, it strikes a very 
.[^werful blow. 
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If the hole is directed downwards, the miner throws in a little 
water and boros the hole wet. A rin<^ of rope or leather put 
round the drill prevents the water from splashing him. The 
water serves three purposes : it enables the tool 
to strike a better blow on the ruck ; it keeps it 
cool, and so makes it last longer; and finally 
it prevents dust, which would otherwise be 
brejU^hed by the miner and tend to cause lihig 
disease. The depth to which holeb''iare bored 
varies with the rock, and with the nature of 
the excavation ; but in driving levels in the 
ordinary way by hand, the de]»th is commonly 
from 18 in. to h ft. 

The scraper is a small disc fixed at tlu? end 
of a motnl rod, which is nsed for removing 
the dust from the bore-hole. The mud made 
in boring a wet hole (fihirfgn) is drawn out 
with a ‘ swab-sti(dc,’ whicli is simply a wooden 
stick with the fibres at one end frayed into a 
kii^ofmop. F,«.0),..Sl,..lgo 

I lie tamping bar or stemmer is a rod of Hammer, 
wood, cujiper, or bronze, and is used for ram- 
ming in clay, pounded slate, sand or the dust from the bore- 
hole, or other suitable material, upon the explosive, and so 
causing a resistance sufficient to make the gases generated by 
the blast rend the rock in the manner required. 

The pricker, or needle, is a slender tapering rod of copper or 
bronze with a ring at the large end. It is used for maintaining 
a hole in the tamping, through which the charge can be fired by 
a squib, rush or straw. 

The charging spoon is a hollow half cylinder of copper or zinc, 
at the end of «, copper or wooddn rod, which is used for intro- 
ducing loose gunpowrder into holes which are more or less hori- 
zontal. 

Explosives are arranged by Order of Council under the Ex- 
plosives Act, 1875,* into six classes as follows : — 

(1) Gunpow'der ; (2) nitrate mixtures; (3) nitrocompounds; 
(4) chlorate mixtures ; (5) fulminate ; (6) ammunition. 

This classificixtion is consequently adopted in official documents 
and publications in the United Kingdom ; but for the purposes 
of the miner alone, 1 prefer a somewhat different and somewdiat 
simpler arrangement, especially as he requires nowadays to be 
acquainted wuth explosives, which, Jlhough not licensed here, are 
in use in other parts of the world. The following classification 
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is Lased upon the nature of the most important ingredient, and 
the six sul) divisions are as follows: (1) Nitrate of potassium; 
(2) nitrocellulose : (d) nitroglycerine; (4) nitrate of ammonium; 
(5) chlc.rate ofpotnssium ; (6) fulminate of mercury. 

'I’he first class contains ordinary gunpowder, Bull-dog gun- 
powder, and several other explosives in which nitrate of potassium 
is the [iredommant ingredient. 

'J'ho formula comtuonly given for gunpowder is : 75 parjs of 
salt}>ctr(:, 15 of carbon, and^l^ of sulphur; but the powder used 
for blasting in mines gcnm-ally contains less saltpetre than that 
which is employed for sporting purposes. 

Mining powder i.s usu dly coarse-grained and highly glazed. It 
is used cither lofisc, or in cartridges m.ide by the men on the spot, 
or in caitridges supplied to them, (lunj)owder compressed into 
cylinders of diametei-s suitable for bore-holes, and provided with a 
central hole for the insertion (^f the fuse, has lately been brought 
for\Nard with some success; but it has the great disadvantage, 
shared with all hard cartridges, (jf not fitting the borc-holo so 
closely as a pulverulent or plastic explosive. 

Though gunpowder has lost much of its former im}>ortaiJce, 
owing to the greater strength of many of its younger rivals, it 
is still largely employed for several reasons, viz., its relative 
cheapness, its slower action, which renders it more suitable for 
blasting in certain soft rocks and for producing rents without 
any violent shattering, and, lastly, its freedom from certain dangers 
which cling to some of the nitro-corapounds. 

In Bull-dog gunpowder there is an increase of the oxidiser 
and a decrease of the inflammable constituents. Its average 
composition, exclusive of moisture, is as follows : — 


Nitrate of potassium, 

85-0 

Sulphur, .... 

1-5 

Charcoal, 

. . 13*5 


1000 


Nitropelluloso, or guncotton, is little used alone as a mining 
explosive ; it has the defect of giving off a large quantity of 
the very poisonous gas carbonic oxide when fired. This evil is 
corrected by adding an oxidiser such as nitrate of barium, or 
nitrate of potassium, and the explosive, tonite, obtained in this 
manner, is in favour with some engineers, as it never requires 
to be thawed, and is consequently exempt from one class of 
accidents. On the other hand, it is not plastic like dynamite. 
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The nitroglycerine class includes very many of the most power- 
ful and important ex[>losives employed in mining. Nitroglycerine 
itself is a light yellow oily liquid with a specific gravity of 1*6 
wliich freezes at about 40" F. (4*4° (b). it exjdodes violently 
when struck, and its extreme sensitiveness to. percussion has 
led to its use being }»roliibited in many countries. Nobel in- 
venterl a method of employing it with eomjiarative safety by 
caus’wig it to be absorbed by an iiuyt jiorous* substance. This is 
the original dynamite, wliicir consisf# of 75 per cent, of nitro- 
glycerine and 25 per cent, of diatomaceons earth, commonly 
known by its German name Kicselguhr. Many other mixtures 
containing nitroglycerine are in the market, the other ingredients 
being chosen with a view either to increase tlie power of tlie 
product, or to cheapen its cost, or to mitigate its shattering 
action, or finally to render it less likely to ignite firedamp or 
coal-dust. 

The folhoNing five explosives may be taken as examples, and 
tiieir average composition is given in the table below. 
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Blasting gelatine claims an advantage over dynamite, as every 
part of it does useful work, guncotton being an active ingredient 
instead of being inert like the kiesciguhr; it further has the 
advantage of not being affected by water. Gelignite, with a smaller 
proportion of nitroglycerine than dynamite, is cheaper but less 
^strong. In cfirbonitc the powerful disruptive action of the 
blasting oil is lessened by the addition of a large proportion of a 
*nixture of nitrate of potassium and woodmeal, and the explosive 

• Tlie nitrate of potassium may be repfeced in part or wholly by nitrate 
•of barium. 
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tliux Lrcuiiies for brcciLin^ down coal. Waj^iiosiiim sulpljate 
lias iiicurpuratcd with duiamitc in the last two explosives 
^itli the object of piofitin^^ l>y its largo proportion of watyr of 
crystallisation ; tliis is eoiivtwted into steam when the exjilosive is 
fiiTd, and so n. ich heat is absorbed in this manner thal the 
temperature of the evolved gases is considerably lowered. 

Among the nitrate of ammoniiiin explosives 1 may mention two 
which are in common nse in this country, ammonite and rolinntc. 
The average coinjiosilum ov* th(‘ former is 88 per cent, of niinde 
of ammonium and per cent, of dinitro-naphth alone, whilst the 
latter consists of 86 to 89 per cent, of nitrate, and 13 to ,) ]>or 
cent, of dmitro-beii/.olc, wdth or wltlumt 2 per cent, of cliloro- 
naphlhalene. The French explosives (insonnile and tirisoutme 
belong to this (‘lass. 

In the fifih class we have Oheddite and ‘rack a rock. ihe 
former is a mixture, of chlorate of ]>otasMum, castor oil, and 
a nitr()Com]unuul, sueh as nitro napthalene or d;mtro-toliicnc. 
The lal.tt'r is chlorate of potassium soaked with ‘(h*ad oil, a 
dark heavy oil consi-stiiig ehielly of hydyocarlions, and demand 
from eoal'tar, or with a mi.xturc of cipial vobiincs of dead oil 
and bisulphide' of carbon, or with dmitro-bcn/olc. The cartridges 
of compressed chlorate of potassium are dipped m the liquid 
when required for use; the two ingredients, when separate, are 

not explosive. t 

—For firing the charge, either direfctly or by a 

fulminating caj.), three kinds of ap]>liaiiees are in comumn use, 

(a) Straws, squibs, ‘ gormaiis,’ etc. ; {^) safety fuse ; (r) oleetric 

The first named require that a bole .shall have been left in the 
tamping by the use of the pricker or needle. A straw filled with 
fine onnpowder, and having a slow match attached to it, is 
inserred into the needle-hole. Tim slow combustion of the match 
gives the iirer time to retreat to a place of safety before the 
guniiowdor in the straw is ignited and liies the charge. ^ 

Safety fuse is a cord to } inch in di-uneter, containing a 
' core of gunpowder introduced during the progress of manufacture. 
The cord is tarred over so as to guard the powder against damp j 
and, if more protection is needed, the covering is increased m 
thickness and a layer of varnish is interposed. For wet groiuid 
the outer part of the fuse is formed by one or two spiral coils of 
tape or by guttapercha For blasting under water the coat of, 
guttapercha is often strengthened against injury by tape or 
doubled or trebled. Ordinary safety fuse burns at llie rate 
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aljout two or tbroif feet ])Cr minute, so it is easy for the miner to 
secure ample time for retreat l)y taking a sufficient ](mgth. 
Tlesidcs, the interval for seeking shelter may be ]U'olongt’(l liy 
attaeliing a piece of tonch paper to the fuse, or by igniting it 
by a lighted candle-end placed underneat!i, wkicdi Ims to burn 
through the covering before tin' core takes fire. 

Firing shots by electrieity has important ^advantages. Unless 
thf‘]»o is gross carelessness, no preyialnre ignition of the charge 
can lake place, because the current is^not ajiplicd until all persons 
have laaiclied a jdace of sahily ; there is no cliance of Miang liia's,’ 
such as those wliicli occur \\ith ordinary safety fuse and have 
caused many aecRhmts ; and, thirdly, the electric ignibu’ docs mtt 
fire gas, whilst flanu's or sj»arks iNsning from ordinary safety fuse 
liavc hei'u known lo cause an explosion. 

Kleetric firing is efi’ectfal in two ways: — (a) by glow fuses, or 
{!)) by spark fuses In the former, a gap in the circuit is bridged 
over by some material causing a rcsislaiiee, eitlier by a line 
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[fiatinum xviiv', or by a K})ecia] composition (•<)ijt;uiiiiig graphite 
or particles of metal. The passage of a current of very low 
tousion through the platinum wire, or of a medium tension through 
the special comjiosiiion, causes heat enough to produce iucan- 
dcsceuco and ignition. In the latbT (h) the gap is bridged over 
only by air and the passage of a high tension current 2 )roduces 
a spark and ignition. 

Fig. 65 shows the electric low' tension or glow' fuse of the 
Aetna Powder Oompaiiy of Ohicag(».* A coiijier cap contains 
fulminate of mercury at one end, whilst at the other two copper 
wires, insulated by a covering of cotton, are held in jilace by 
sulphur. The hart ends of the twm copper wires are connected 
by soldering on a small piece of fine platinum wire, and are 
surrounded by a priming of guncotton. When tlie electric current 
passes, the fine jdatiniim ware becomes red hot and ignites the 
guncotton ; this fires the fulminate, and in their turn the 
contents of the cartridge into which the cap has been inserted 
will be duly exploded. 


£n(j. Min, Jour,, vo]. Ixviii., 1899, p. 100. 
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As an oxample uf a medium tension fuse,* 1 will take that of 
Messrs Kchmitt & Co. (figs. 66 and 67). a a are iron wires 
eiivi'lopcd l)y thick paper b, Avhich is tarred on the outside ; c, 
])aper cyliiKler; priming composition with particles which 
liecomc incandelscent ; e, second case of paper or brass; /, 
ordinary detonator wiih fulminate of mercury. 

Jn many cases it desiralde that certain shots should not go 
off until other adjacent shots have heaved their burden aiyi so 
paved tlic way for the greatest eliiciency of their followers. With 
the old method of firing, it is easy to arrange for this delay by 
giving a greater length of safety fuse ; and, for the newer electrical 
firing, time fuses are likewise available. 

Figs. 08 and 69.t rejiresent a low tension time fuse, the gap 
between the two wires being bridgcil over by a thin platinum 
wire, a is either iron or copper wire covered with cotton and 
tarre«l ; /, })riming composition ; c, fulminating mercury in a 
copp(*r cap ; (j is a column of slow burning powder ; /. iioles in the 
metallic ca]) •/' to allow the escape of the gases from the powder. 

By suitably an’aiiging the composition and length of the column 
<j, the detonation of the fulminate e. wdll not take place for two or 
three seconds after the ignition of/. 

Tlie glow fuses have an advantage over the spark fuses from 
the fact that they can be tested with a galvanometer before use 
to see whether the circuit is in order. 

The current for glow fuses is most commonly iirodiiced nowa<lays 
by magneto-electric machines, and for spark fuses by frictional 
machines. The damp air of mines is a decided drawback to the 
latter. 

Driving and Sinking. — A level, heading, drift or drive is a more 
or less horizontal passage or tunnel, whilst a shaft is a vertical 
or steeply inclined pit. 

■ la driving a level by hand labour in hard ground, the first 
thing a miner has to do is to ‘ take out a cut ’ — i.e. blast out a 
preliminary opening in the ‘end' or ‘forebreast.' The position 
of the first hole is determined by the joints or natural planes of 
division, which the miner studies carefully so as to obtain the. 
greutost advantage from them. 

Thus fig, 70 shows a case in whicli, owing to joints, .it was’ 
advisable to begin with hole No. 1, and then bore and blast 2, 3, 
and 4, one after the other. The miner, as a rule, does not plan , 
the jiusition of any hole until the previous one- has done its work^^ 

* Heise, “ Fovtschritte auf dem Gebicte der eloktrischeu Ziiudung V 9 ti 
Sprengsclmsscn," Gludnvf, vol. xxxv., 1899, p. 437. ^ 

t Ileise, op. city p. 440. 
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in fact, lie rcj^nlivtcH the position and depth of ef.cli lude according 
to the ])articula]- (“ircninstanccs of the case. 

'J'liongh a vein and its walls may be hard, there is occasionally 
a soft layc'i- of clay (i) I), 1)1), lig 71) along one wall {(Hr}, 
('ornwall ; U.S.). The miner works this away with the 

pick, and, after having excavated the groove as deep as possible, 
blasts down the lode by side holes, and so pushes the level 
forward. * , 

In sinking a shaft- a similrv' method of proceeding is adopted. 
A little })it {mill) isd)laste<l out in the most convenient part, and 
the exca^ation is widened to the full si/e by a succession of blasts, 



Fm. 70.— Airaiigfiiiont of holes for Fin 71. — Driving a lovi‘1 whore 

driving a level by hand labour. thein is a clay selvage. 

each bole being planned according to circiimstuncos. This series 
of operations is repeated, and the shaft is gradually deepened. 

(2) Excavation by Machinery. 

One of the greatest imjirovements in the art of mining during 
the last third of a century lias been the introduction of machines 
for jierforming the mo.st laborious work in place of doing it by 
hand, 

Tn workings open to the sky, steam power may be conveniently 
generated on I lie sjiot, but for making underground excavations 
steam-driven machinery has so many drawbacks that it is scarcely 
ever used. The choice of excavating machinery in many mines 
depends therefore upon the best means of transmitting power 
from prime movers on the surface. 

Tow'er for excavating machinery is transmitted in mines and 
quarries in three different ways, viz., by air, water, or electricity. 

Tlie transmission of power by eompressed air has the advantage 
that the exhaust escaping irom the machines should herietit 
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the ventilation of the mine ; there is, on the other liand, the draw- 
back of very considoriible loss of ])ower. 

In the case of water transmission, force pum])s at the surface 
drive water thron^di pipes to }>la(;es underground wiierc hydraulic 
eugiues are worked by its pj-»ssure, or waiter upder pressure is 
drawn oil' in pipes from the rising mam of tlie puru[)s. In both 
these cases any subsequent fall of the. water, before it passes into 
the Jiydraulie engine, adds its effect to thAt })r(M!iieed ])y tlie 
engine above ground or by the eolufry^ in tlie main. 

ll\draulic power has the great convenience, therefore, that it is 
sometimes ol^tainahle without any extra plant being required. 
The water, after luiving done its wetrk, runs out naturally if the 
workings are above an adit, Imb has to he pumped up if tlu'y are 
below^ it. Hydraulic pow-er has the disadvantage, when compared 
with pneumatic power, of not ventilating the workings. 

Electricity gc'nerated by a dynamo, driven by any available 
jiower at tlie surface, is very easily conveyt'd by W'lros to an 
electric motor underground. One mlvantage of electrical trans- 
mission, companul with that by air or water, is that it is much 
easier to fix wires tha.ii jiipcs ; wires ociaipy much less room, and 
d<t not suffer like ]>ipos from movements of the rocks due to the 
wa)rlviugs. Like water, but unlike compressed air, electricity 
does not assist in ventilating the working plae,e, and in fiery mines 
there may he danger from sparks. Conqiared wdth compressed 
air, an electrical plant is less oxpen.sive, and there is the advantage 
of a smaller loss of powder in transmission. 

Up to the jirosent time transmission by compressed air has 
been far mori' largely used than cither of the other two systeins , 
but the advances in eh^ctne,al practice render it likely that the 
newer method wall soon overtake the older. 

In the meanwhile it is necessary to describe some form of air 
compressor. A machine largely used is the Ingorsoll-Sergeant 
compressor (fig. 72).* 

It consists of a piston moving backwards and forwards in a 
cylinder. The piston is hollow, and on each face it has an annular 
>valve P>, T-sha,ped.in section, lying in a circular slot concentric 
with the piston. A is a tail-pipe through which the air enters 
the piston ; E and G are the outlet valves for the compressed air; 
F is the end of the pi]>e which convoys the comfiressed air to the 
reservoir. As show’n in the figure, the piston is travelling for- 
wards, the valve E is open, and the front valve il is closed ; air 
entering A is jtassing into the hollow piston and thence through 
the rear valve B into the rear part of the cylinder. Tn order to 
* Mines and Minerals, vol. xx., ISicj, j). -^2. 
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keep the ends and sides of the cylinder cold, it has an almost 
C()tnpl(!t,e s\ iitcT’-jackot, and a current entering at H or K passes' 
around and leaves at I. J is an oil hole for luj)rication. 

Nowadays the work of compression is sometimes performed 
in two stages, ynd (‘.are is taken to cool the air from the low 
pressure cylinder Indore it is further compressed. Fig. 73 shows 
a section of thc‘ Sergeant vertical intercooler. It acts after the 
fashion of a surface oondenser ; the warm compressed air ente,rs at 
the top, and passes down aic';und a set of vertical pipes through 
whiedi cold water is llow'»vg continually; it then rises up and 
leaves at the side 



The machines used for excavating may be classified as follows : — 

(a) Diggers and dredges. 

(f/) Drills for boring holes. 

(c) Groove cutters. 

(d) Tunnelling machines. 

(e) Shaft'Sinking machines. 

(a) Digtjers and Dredges . — These inachhics serve to excavate 
comparatively soft deposits near the surface, or to remove over- ' 
burden, such as sand, gravel or stiff clay, or to dredge up the 
beds of rivers and lagoons. After a preliminary shattering by 
blasting, even hard rock may'be removed by their aid. 
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The best know«ii steam- 
diggers are I)uii])ar and 
Ituston’s steam navvy, and ^ 
the somevviuit similar steam 
^ shovels of the Marion, 
Bueyrus and other com- 
panies in the United States. 
lr> gich case a steam craiu', 
is made to bring a bucket, 
armed with teeth and a 
sharp cutting edge, against 
the side of an excavation, 
draw it up, swing it round 
and drep its contents into 
a railway waggon (tig. 74). 
Floated on a barge, the 
steain - shovel is used for 
scooping n}> gold-bearing 
sand and gravel from the 
beds of rivers. 

bucket dredges, similar 
to the machines used for 
imjiroving harbours, are 
b(‘ing used with mue,h sue 
cess for the purpose of e.v- 
cavating the gold-bearing 
alluvium of river beds or 
river-flats, ami especially in 


li 
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Fm. 74. — Steain Sliovel digging iioii ore, MesaW district, Minn., U.S.A.* 

* Hi'ad, “The Lake Superior Iron-oreJMines, and their Inllucnee upon the 
Pioduction of Iron and Steel,” Troc, Inat. C.E.^ vol. cxxxvii., 1809, p. 72. 
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Now Zealand. Tlie action of machines of tlfts description will 
he understood at once from the figure. An endless chain of 
buckets, supported by a frame or ‘ladder,’ is made to scrape 
up the bottom. As a rule the buckets are worked by a steam 
tmgine on a bar;^e, but fig. 75* represents a dredge which is 
worked by an electric motor driven by power transmitted from 
a distance of four miles. The cylindrical screen serv^es to separate 
large stones before tlfe gravel and sand are passed into the grdd- 
saving appliances. An impf^tatit feature of the dredge is the 
tailings elevator, which lifts up the big stones and gravel after 
the extraction of the gold and deposits them on the side. This 
particular dredge has buckets of G cub. ft. capacity, and will 
excavate 145 cub. yards per hour from a depth which may 
reach 50 ft. 

The dredge shown in fig. 7Gt was built ly the Thicyrus 
Company, of Milwaukee, AVis., and is sui^plicd with a Hobius 
conveyor (see Chapter YIT.) for stacking the tailings. 

The grab dnalgc, sometimes known as tlie clam shell dredge, is a 
scmi-cyliudrical or a hemispherical vessel, which is so contrived as 
to open w’hcii lowered, fill itself on touching the earth, and eloso as 
soon as it is raised. The raising and low'ering arc done by a 
crane. The I’riestman grab dredger (lig. 77) is one of the best 
known ; it has been used for excavating the auriferous gravel in 
the bods of rivers, and it likewise serves as a digging machine on 
land, and even for sinking shafts. 

' A third type of dredge may be described brielly as a centrifugal 
])um]) arranged to draw up sand and gravel with water. It is 
placed on a i>arge, and the suction pii>c can be lowered, raised, or 
moved from one side to the otlier, so as to attack any part of the 
sea or river bottom. Machines of this description have been 
employed for excavating gold-bearing sand and phosphate of lime 
gravel. 

(/>) Rock Drills . — We now' come to the machines wdiicli take 
the place of hand labour in boring holes for blasting or for 
wedging. Like the hand tools, machine drills may have a rotary 
or a percussive action. » 

A motor driven by compresse<l air or electricity is often 
attached to a twi.st drill similar to the hand tool already des(U'ibed 
on p. 59. Fig. 78 shows the Jeffrey drill driven electrically. 

For w'orking the Cleveland ironstone, a more powerful machine 


* Havrs, Ikport of the Drparlmmt of Mines on the Qoldfielth of Neu. 
Zealand j or the Fca/’ ItJUO. New Xoalaml, 1901. 
t Mines and Minerals, vol, xxiii., 190’2, p. 370. 
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is oinployed, Fi^. 7‘J shows one of these drills. A is t he 
cdecti'ic rnotor; Ji, hollow arui with a shafi- inside driven hy A, 
and workini:^ the bevel wheel 0 by suitable gearing ; i->, twist 
drill ; F, socket fur the drill ; F, universal joint connecting tlu' 
feed screw (J to the drill socket : 11, feed nut 'j'he Aveight td the 
electric motor comiterbahmces that of the drill and gearing. 

Tlic Brandt hydraulic boring machine, f used with great 
success at the Simplon Tunnel, is a hollow* rotary drill, through 
which a continuous stream of wa^’i is forced in order to wash 
out I he debris. 



Fig. 77. — Friostiii.-ui Giab Dredger, Ncclii river, U.S. Colombia. 


Two small single-acting water-pressure engines (bgs. 80 and 
81) drive a small sliaft with a worm gearing into a worm-wlieel 
; this is mounted upon the slndl, 3?, of a hollow ram, S is a 
diiterential piston attaehed to the enveli'pe or easing holding the 

* Steaveiisoii, “On die System of woiking Iron Stone at Lumji'^ey Mines 
bv Ilyilraiilic Drills” F/’oe. iV.A’. Inst, M, and M. Etxj., vol, xxxvi. 
(1885-87), p. 67. 

t 0. B. Fox, “ The OoiKstructiou of tba Simplon Tuiuk'I,” iVoc InsL C,E., 
rol. cxl., 1900, p. 258. 
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slicll : ;is Uie .slic*ll j-evolvos it carries the rani around hy the aid 
of a feather, whilst at the same time flic ram is free to move 
forwards or backwards in the direction of its axis. The casin;^ 
holdin^^ the sliell is comiectod to the hed-plate of the motor hy a 
vertical liiiiixc and pin, 7', and tlic whole is supported ou a 
hori/5oiital stretehor-bar hy tlie clamp V. 'J'lie hat is (san icd upon 
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Figs. 80 and 81.— Brandt Hydraulic Drill. 

a special carriaoje running on rails in the tunnel, and is jammed 
tightly against the sides by hydraulic pressure. 

The actual drilling tool is a hollow steel tube armed with teeth, 
which, while it revolves, is kept tightly pressed against the bottom 
of the hole by water under a pressure of 30 to SO atmospheres 
being let into the space in front of the piston S. At the same 
time the small central pipe (fig. 80) leads a stream of water to the 
very bottom of the bole ; this wasfies out the debris and keeps 
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the tool cool. A very im])oiiant feature of t]ic drill is the pre- 
vention of duht, l.^hieh is so exoeodinj^ly ])r(‘jii(licial U) health. 

The percussive drills are de- 



si^ojed with a view of carrying out 
inerhanieally the two jirincipal 
operations of hand work— viz., the 
blow and the rotation, whilst the 
advance is eftected by hand. As a 
rub; the piu-cussive drill consists of 
a cylinder with a piston, which is 
moved backwards a,nd forwards by 
compressed air or electrically ; the 
cuiMng tool or chisel is either 
firmly lived to the ])iston rod, or is 
hammered by it. The rotation is 
almost always etfected bv a twdsted 
or ntled bar with a ratchet wheel ; 
and, in outer to keitj) the maehiuc 
constantly in tlie })r(;per ])Osith.)n 
for work, it is Fed fotavards upon 
a cradle by the workman he! mid, 
wlio has merely to turn a handle, 
and so cause a screw to revolve 
inside a big iiut attached to the 
machine. 

In an eleinentarv treatise it is 
(piit(‘ unnecessary t(> do nudii'e than 
(iescrihe a few' drills as tyj'ies of the 
classes just mentioned, and 1 will 
fust rcfiT to three which are driven 
by compressed air. 

The Sergeant drill has the pcouli-* 
arity of having two valves, a main 
valve and an auxiliary Valve; the 
latter is moved backwards and for- 
wards by inclines or shoulders U}) 0 U 
the piston ; and, by controlling 
certain air-passages, it causes dill'er- 
euces of pressure whicli drive the 
former. 

In tig, 82, a is the cyliiKler, 


h the piston wdth an annular re- 
cess turned in it prcseutiiig two inclined shoulders ; c is the' 


valvc-chest into winch the ^ compressed air enters from one 
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of the sides ; d is the main valve, and as it moves to and fro 
it alternately places the port c or / in coirimunication with 
the exhaust g] e leads to the port h and to the front end, 
and / to the port i and to the rear end of the cylinder ; the 
auxiliary valve, is a slide valve made in the form of a seg- 
ment of a circle, and having a recess in one of* its flat fnces. 
It is slightly longer than its arc>shaped seat, so that one 
end of it always ])rojects into the cylinder. The jirojccting 
end oT the valve is caught by the coti|’sponding shoulder of the 
piston as it jjasscs, and it is thus being constantly knocked 
backwards and forwards. By means of its recess this segmental 
slide-valve puts the ports /rand / alternately into communication 
with the port m, which opens into the exhaust. The port 
/»' leads to the front end of the valve-chest, the port I to the 
rear end ; consequently th(‘ two ends are being alternately 
placed in commimicntioii with the exhaust. 1’ho compressed 
air leaking jiast the piston-like ends of the main valve escapes 
into the exhaust at one end of the vaivc-chest, but exerts a 
pressure at the other end where it is confined, and so throws 
the main valve over, changing tlie direction in whicli tlic air is 
being admitted into tbe ejdinder. The piston makes its stroke, 
knocks over the auxiliary valve, which in its turn releases 
the pressure at one end of the main valve and causes it to 
move across once more. 

The rotation is effected by a rifled bar, w, as usual ; but 
instead of there being a ratchet-wheel fixed to this bar with 
pawls outside it, as in fig. 85, there is a ratchet-wheel o, 
with internal tcetli and a smooth exterior, the pawls being 
pressed out by springs, p. So far the action is very like 
that of otlicr drills, save that the pawls move round inside 
the wdicel, instead of the wheel moving round under the pawls. 
'J’lie spcciif] peculiarity of the Sergeant rotating device is 
the mobility of the wheel if the drill jams in a hole. The 
ratchet-wheel o lies loose in a recess behind the cylinder, 
and in ordinary working is pressed sufficiently firmly against 
the end of the c^dinder, by steel cushion sytrings, to make 
the piston rotate without turning itself ; hut if for some 
reason the borer jams in the hole and causes a strain iqion 
the rifled bar, the wffieel is capable of turning and so preventing 
a breakage. 

The feed as usual is by hand ; g is the handle working the 
feed-screw r in the fced-niit 

The Tranke drill (fig. 83), in whicli the piston rod hammers 
npon tbe cutting tool, is the smallest and lightest boring 

6 
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maehino in actual use, because it wei^His oi,)!}' IG lbs., including 
tlio lx.rer. Jloth in liis drill and in Ids njcebanica! cldsel, 
winch will l^u mentioned later, Franke ado])ts the princijde 
of doing the work bj a light blow rejieated fro(|ncnUy, instead 
of a heavy liluw at less fre»iuenl niteivals. The machine is 
practically a pneuinaiic hammer which strikes the head of 
the boring chisel. The borer is made of round steel 4 inch 
m diameter, w'ith a Z-shajied bit one inch wide. The number of 
blows has not been deter'^ined exactly, hut it probably reaches 
8000 to 10,000 per minute. 'JTic machine is used witliout 



Flu. Drill and Fianke Mcchanioal Cliibok 


any stand, and is simjiiy held in tlie hands as sliov.n in tigure, 
m which the man in a kneeling jiosture is boring a hole for 
blasting by one of the little macliiues. 

Among machines of (he Hammer Action class may also bo 
mentioned the Leynor drill, which has met witli a considerable 
amount of success in (Vdorado. The piston, driven liy com- 
pressed air, has a stroke of «T in., and the end of the jiistoii 
rod is coni imially hammering on to tlie end of the boring tool ; 
this luttej’ is ludd m a hollow ehuek which is earned round 
bv thf^ ])iston rod wlnm it ndates under the action oi the 
usual rifled bar and ratchet -wliool. An impoi’taiit feature of 
the Leyncr drill is the wUtcr flushing arrangement. A small 
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pipe conveys water fron) the rear of the eyliialer ri^lit llii'oun;li 
the piston and piston rod into the ehnek, whence it ])asses into 
tlie Indlow drill ; the conseqnen(;e is that tlie bottom of tlie hole 
is kept clean and no dust is formed. 'I'lns latter advanta^m 
is of tlie jj:reatesb imjiortanee fr<Jin a hv^ienie i^ioitii of view. 
^^'ater under pre.ssure is olitained from a small lank which is 
put into communication liy a piece of hose with the iionipressed 
air nviin. The c:eneral 


a])]>caianc(' of tlie drill 
is shown ni h^--. 81. The 
small hose hrin<.^s in the 
flushing water, the 
amount, henm controlle'l 
by a Ih.tle hamhAlieel. 
The lar^o' hose supplies 
tin compM-ssed air. A 
IjOyiKT drill with a. 
c.\inidei' three niches in 
sliameter wn'i^h^ only 1 hh 
Ihs 

The elect I'le pei'cnssive 
drills in use at mines 
and (j names may Ix' 
divid(‘d into two elas-CN 
aeeotdinir .h the t.ooi is 
actuated hy a sulenoid or 
is dri\'en medianicaliy. 

The Marvin drill is of 
tlie former la pe, and its 
action is hasnl upon (he 
fact, that a spiral coil of 



wire assumes mamietic 


})ro])erties when an I'm. 84. - Water Leyiicr Reck l)i lil, Made] ,0, 
electric current is passed iiioimled on tunnel cohinni. 

throiiirh it, and becomes 

eapahlo of atti’actinf* a bar of iron placed m a Miitahlo posit.i(,n. 
The actual workinjj; parts of the drill are shown in fii:. So. A 
and B are two liollow coils of copper wire (solenoids) tluou^di 
wliich passes the rod or plunger CKJ>, a solid forging of .soil 
steel. At the end C’ then' is a socket for receiving the tool, 


whilst tlie ind H is rilled and engages wuth a rifled rod attached 
to a ra(.chet- wheel, wliicli efleets tbe rotation in the usual way. 
A current is led to the drill by a (;ablc with tliree wires, and 
by means of a very simple revolving annatni-e on the dynamo, 
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it c;in 1)0 nin 8 o to pass, first through on^ solonoid, and then 
through tho other. Sn{)posing that the currcut i.s jiassiug 



through tho front solenoid, this becomes magnetic and draws 
the iron cure forwards, apd so causes the tool to striLo* a 
bh)w. The current is then reversed by the revolution of tho 
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armature, and flows* into the solenoid B, which in its turn 
becomes magnetic and draws the iron hack, for A has lost its 


magnetic ])Ower. The rear end of the i'CmI C D is made to 
com])ress a spring, and so store u]> force 


w liich IS utilised in increasing the stnaigth 
of tiie forward blow. 

Th(' dj ill, making DOO strokes a minute, 
issa-uLto bore in granite at the rale^of 
two inch(;s a minute. It is in use 
fpiarries, bub owing to its weight, it has 
not been mucii employed ini(lerground. 

In the Siemens .and Halske drill 
(tig. 8G), the eleetrie cunaait dri\o.s a 
motor encasiKl in asUamghox placed upon 
th(' ground, tiie a.\le of wliieli, by means 
of li<'\iblt' shafting witfi suitable gearing 
and a ei’ank, will impart a reinprocat iiig 
mulKni bi (]nMl)'ii! holder. The (irardnor 
di ill is simiiar. 

f r rot /7U‘ Cufier^. 

The first machines for cutting grooves 
\er) naturally nniUted the miner’s tool, 
and Were simply mechanical picks ; but 
siie-e then many other groove cutters 
have been invented which arc based upon 
difl'crent prineiph's. 

Tlii-y may be classified as follows : — 

{a) Miichanical chisels and rock drills 
--a. (Inided by hand. 'J’ravel- 
liiig on bars. y. Mounted on 
carriages running on rails. 

{(j) Circular saws or disc machines. 

(c) J'viidlcss chains with cutters af- 

tached. 

(d) Wire saws. 

(c) iievolving toothed bars. 



(a) Mechanical chisels, etc. a The Sergeant machine (lig. S7) 
is a strong rock drill with a chisel hit, which chips out a groove 
as a carpenter might cut out a mortice, ddie chisel does not 
rotate. Tlie machine rims on two wheels and is dii'ectod at 


pleasure by two handles behind. Tlie Marnson and Sullivan 
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MTV siiiiilAr ; they an; all soniotimes called ^ puDclierH,’ 
l)iit !i)()T(‘ oftcTi, ‘pick inafhines/ l<’raiike’.s meciliMiiical clii.sel (ti^. 
S.'i) roscin])lcs his drill mivo (.hat the rotating device is omitted. 
It is based upon tiu' principle of stnkinij: a very lai-^e num}»er of 
short and liglit blows, at least seva^ral tbonsand .a niinute, ufioii 
the idiippiuiJ: ioolj ami resend-les some of the ])iiciimatic caiilkin;,' 
and sculpturing tools. Jt is employed -il tiic .Mansfeld co[)[>er 

6' A i?n)ov(' may be made by lading a sueceHsion of holes 
imrnediaU'ly touching each other, or separated by small partitions 
wiuelj are broken oil afterwards ])y a blnni- chisel {Im/arh), 
Most of the Tuck drill comjiaiiiea sii[i]>ly s[)ccial quari'y-bars or 
frames, njioii \vl:ich the ordinary boring machine ean be moinitcd 
aixl made t,o travel, and tints cut a irroove along any required 
lint'. Fig. * shows tlu liigorsoll Itar chauueller in use at the 
Oakeley Slate Mine in Nonh Wales. 

y d'he Ward well Slone ( 'iianiielier (tig, <^9) is perliaps the best 
kmovn mnehine in this siib divi,M()n of the class. It reseniblesa 
loeomotivi', as it moves upon T'ails laid dow-n in the (piarry; the 
steam engines which it carries lift junqicrs up and down, and 
tliese 'citt vertical grooves as the wliole machine propels itself 
a'oiig. 

(/') (Circular saws nrv lai’gely employed for under-cutting coal, 
MTui lliey also rendm' asefnl seivice in I'ock .salt milling; they 
are ()ft<'n called ‘ disc ma<‘|lille^.’ A circulai steel plate armed 
with I’emovable teeth on it^ pei'ijihery is made to revolve, by a 
bevel pinion wilb teeth gearing into slots on the disc. The 
pinion is driven by a pair of small compressed air engines or 
by an electric motor. As the pin r<»und which the disc’, tniais 
is su})})orted by a thin bracket, the depth of the saw-eiit may 
be made to approach the diameter of the disc, ddie machine 
is made to draw itself along lyv turning a drum and so coiling 
up a small wire rope one end of whi<di is duly anchored. In 
this manner the machine will travel from one end of a long 
w'orking face to aTiotlicr, and it is eminently suited for work- 
ings of this description. 

(0 From the circular saw one passes very naturally to an 
endless chain armed with teeth. In the Jeffrey coal cutter 

(fig. 91) the chain travels round a fi-ame sluqied like an 
isosceles triangle. Tlie base of the triangle is brought u{) 
iigaiiist the facib, and while the chain is ti'avt'lliiig the whole 
flame is fed forward automatically. ft makes a cut 44 in. 
wid(‘, and wlien^ the cut lias been, carried in 5 ft., the fr;ime 
' Front a pliologiapli bv Mr (t J Williams, H.M. Inspector of Mines. 
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is witliclrawn and tlic whole machine shifted sideways. Jfc- 
now makes a second cut adjoiinn<^^ and parallel to the first, 
and so on. 

{(/) The most no\el method of cutting stone is one which is 



Fiu. 89. — Wanlwell Stone Chamieller. 


in use at marble quarries in Belgium, Carrara and elsewhere. 
It consists in sawing grooves by an endless cord, composed of 
throe steel wires twisted together, which travels on the rock, 
and is supplied with sand and water. 

Fig. 92 represents tlie arjaiigemcut adopted at the Traigneaui 
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Quarry, near riiil^ppeville, IJelgiuni. A, 1), C, P, K, 1<\ is tlio 
wire cord Iravcllinii: in tlio direction shown by tlio anows; (} 



Fio. 90 . — * Disc’ Coal-nUtiiifj M.i ■him of the Yuikhiuie Kii,eii!(; (.'o. Ltd, 

and n are the two pits wliieh liave been sunk fro bold the pulley 
frames. When the culting procosa began, tlie wire cord would 



EiG. 91. — Jelliey Chaiu Coal-cultiug Machine. 


have been running along the line I fF ; the groove is gradually 
deepened until it reaches the liue*K I.. ^ After suitaiilc vcilica! 
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01] liavc born inaJe, the block is sevoKai luifizontally by means 
of wctlefcs. 9 ‘» shows tin; kiiif] of work dojic liy tlui wnr-sjw 

;it a slate qnaiTV ]i! llic ryn-nccs. 

]\roniirolo lias in\cntc(i a jn'iicti’niiiij^ jiiillcy wliicb will ciiL 
its wav into tinir rock by itself: it alk*\\s the terminal jiits to 
be rrplaci'd ]»y small boreholes* 

(r) Hurd's coal cutter t(ir. IM) is out* of tlu' [atest forms of 
the re\ol\ino; l^ar machines. ^In coabiuitters of this tvjie a bar 
artiK'd with teeth (hg. i)r>)^s made to rovnlve by the aid of a 



compressed air or an electric motor, whilst the machine is hauling 
itself along the working face, in the Same manner as a disc 
machine. The teeth on the bar cut a groove, the length of 
winch is govcriK'd b> tlie travel of t.iie machine , like the disc 
eoal-eutters, tlie liar machine is' specially suited for long working 
faces. In linrd’s coal-cutter the liar can lie jilaced so as to make 
the cut above or below’ the seam. Fig. 95 shows one of the 
replaoable teeth. 

” IL ,1. Williams, “On tin* iisr of the Wiro-Saw for Quarrying Slate,’’ 
A]>])(‘n(h\' IV. to 0. bi' Novi Fr.stor’.s Export on the Inspoclton of Mineb in 
thr Knrth JFalrii, e(>\, Dlutnrt for Ifo yiai ]y>>0 boinloii. IPOl [t’li ], 

p. 30. 




Fi(}. 93. — Maillou Slate Qii.iiiy, lalmssere, ncai lU^ueies-do-Bigoirc, Fraruv^ 
whtire vortical and horizontal cuts are made by the wire-saw. The 
horizontal cuts in tbe picture are covered by rubbish,* 

* From a photograph by Mr (5. J. Williams, 11. M. Inspector ol Mines. 
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TnnnelUn.‘j 

Marhhu’t^. 



o 


A in-u'hinewliioh 
\vi]l (■'(raviilc M 
(joniplt'tf' i.iiiiiiel at 
Olio ')j (('ration jia« 
loiiLf i»('0ii a (le- 
sKiciatuui of tlio 
miner St:inley’s 
mar'liiiie (Ij^e 
eiils an annular 
irroove in eoal by 
tectli altaehi'd to 
a er“S^ bar wliic’h 
i-' made t<> i\'\(>iv(' 
by a (‘(•inpn'^vt'd 
air fiieine. M neh 
(tf the cv iindt'r of 
eoa] within I he 
breabs oH‘ 
while the eiittin^^ 
i.s ijjoinL'' on, aiifl 
w h:i,t naiiaiiis can 
easily l)(' br<»no]it. 
down by ,a singh* 
(‘(‘iitral blavst. 


in o,\ee[)tional 
t; eases sliafts are 

S Tunng sunk by the 

.‘»id ef maehines 
which wall cut out 
a ])ig eneular pit. 
As in tbe case of 
small lioley, the 
work may be done 
by rotalioii or pe.r- 
eiissioi) Rotary 
machines ainla'iiig 
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oiii[)lctyo(l in (7criMany in s^mo sinUniLTs through f|nicksiiii(3 ; lliG 
inacliitics are liij; revelviiig seoops, and several ingeiii(>us eon- 
tnvanees have bt-en desie^ned fur 
})r<niiotinL>; t he sjiei'd and sueei'ss 
uf Lhe u|)(a-atiuns Largu p('i 
CLissive tools similar in action lo 
thfjse employed in exjiloratorv 
l)Oiill^^^< enable shafts 10 ft. in 
diaiiioter lo be excavated thiougli 
watery strata without any piini])- 
niL( beny^MTijiiired, a,nd tin' names 
of Kind and ('iiaudron will al 
ways be. assuraated witli this 
method of sinking. 

Sutelilh; advocates the use of 
a machine which will cut. a cir- 
cular eroiA’c ronnd the ciicum- 
lerence of tlie [irojiosed shaft, 
just as Stanley’s machine cuts 
a groove I'or driving a level. 

When unee a. jieriplh'ial groove 
has h('«'n imide, it is easy to blast 
away the, core. 

I)ri>uj(>j Lf‘rrJ^' .in<l Sinhiny Fm. a5.— hrpi.u ask* Tmiih oi 
S7/(p7s A// litn-h’ Dn'fi ,''. — AVheru ('utter of Hurd’s inaeliinc. 

rock drills are employed the shot 

holes aie not neeesstirily arranged in tlu' manimr they would be 
in the etisc of hand labour. Less attention, and ,sometimes no 



altciitioii, is paid to natural joints, because the work is carried 
on according to a definite system certain of effecting the desired 
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result. It is true that more boles have to to Ixu-ed than in 
the ease of hand la)»oiir, Imt this is a matter of small im- 
portance. AVlien once ihe drill is in its plaec a few extra holes 
can bo bored witli very littb' troubloj and tlio main considera- 
tions are' eertamty <4 action and speed of driving. 

A (*,ommon mode (4 driving in bard j^round is shown in figs. 
97 and 9S, Tomr c, outre holes are bored about a foot ajiart at 



Fms. 'J7 and '.is. — Metlo/d f>r |ilat'in,u 1 oi > toil!.', «lien diiviiio a ’lovel 
Ly luacbiiict) . 

fu’st, luit eoiiverom^ till at a depth of e ft. they are within 
G in. or less of eaeli other. 

Other holes are then bored around them until the end is pierced 
by twenty or tliirtv holes in all. The four centre lioles are charged 
and fired simnllaneouHly, either by eiectricity or by llickford’s 
iiistimtaneous tnse, and (he n'sult. is ttie removal of a large core 



FlCi''. iuai 100, — i*iau aiul .set tioa .'-howing iimtluxl of ])lacnjg linrelioles 
w'lieii sinking a sLiiffc by inacliiiiory. • 

of rock. The holes round tins preliminary opening are then 
cliargr'd and tired, generally in vidJeys of several holes at a time, 
and the level is thus carried forward a distance of 3 ft. If laigo 
holes are bored, and if the ground is more favourable, fewer will 
be required. 

In the case of shafts the method of procedure is similar. 

Figs. 99 and lOU arc a plan and section of a shaft wlneb was 
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sunk at tho Fox(la]<; mines in the Isle of Man. About forty-five 
liok'S were drilled at the bottom of tl>o siiaft before the drdls were 
removed. Two of the holes (A and B), and oeeasmnally four, 
were bored only 4 ft. deep, and were blasted with ordinary fuse. 
They simply served to smash up and weaken the core ; then 
the six holes nearest the centre, whieli were b ft, dee]), were 
blasted all to^etbor vvitb liiekford's instantaneous fuse, .and the 
result w*as the removal of a largo core, leaving a dee]) ‘‘sink,’ 
The renifiining holes were tired in vitb,eys of four at a time in the 
ordinary way. 


(d) Special Methods of Excavation. 

d'hese are three in nninher, viz,, l>y heat, by solution, and by 
a j('t of water. 

Though iiard ground is almost inv.arialdy nowadays attacked 
hy l)onng and Idastinu, the V(‘rv ancient process of lire setting is 
uot quite obsolete. 'Phe (dhrt of a lire is to make a rock sj»Ut and 
('rack, and render it easily reimnable by the ]>iek or l.y wedges. 
I’ehre blasting was known, tire setting was largely employed; 
but its use is now contined to a few' ])laees wiu're the roihs are 
exceedingly iianl and where W'ood is abundant and chea]), I’lles 
of wood are beapeii nj) against the face of the w'orking and set 
on file. On returning to tlie working place after tlie roi-ks have 
Cfujled a little, it is found that the giound has R]dil and flaked 
off, and that, much is loose enough to be worked away by the 
[»iek and wedge. 

In the exceptional ease of frozen strata, such as are found in 
Siberia and tlie Klondike region, lire is enqiloyed as a thawing 
agent. Billets of wood aic })Iaced upon tho site of the ])roposed 
shaft and lighted ; the heal softens the frozen soil, and makes it 
easy for the miner to excavate Ins pit for a few inches ; by I’epeat 
ing the process, he eventually sinks down to the auriferous bed. 
Ihirsuing Ids drivages along it by tho same method, the Klondike 
miner gets out a store of gold-bearing gravel. Another method of 
thawing is to use steam. A lioilor is erected at the surface, and 
steam is conveyed clo.se to the w'oildng fan* hy a j)ipe to which is 
attached some flexible hose. One end of the ho.se la provided with 
a short piece of iron pipe with a small hole at the end. 1’he ]upe 
is pressed against the frozen strata, and the warmth of the issuing 
steam soon enables it to he pushed in foi' 3 ft. or so. It is tlien 
left, and afi er the ]a])se of a few hours the ground around it for a 
distance of some feet is thoroughly thawed and rendered loose. 

Soluble minerals of economic value are not very common. The 




Fig. 103 . — Hydraulic Mining, Cariboo, 



Excavation. 


(lissolvinjx proceHS is a] ►plied particularly in the ease of getting 
salt, not, onij' in this country, l)ut also in Austria, (Ici'inany and 
Switzerland. In the Austrian Alps there are thick beds of saliferous 
marl, and the process of workine: the di'posit consists in excavating 
lart^o chambers and brining in water. The salt Is dissolved and 
the brine is piped away to be cvaiiorated. 

A big jet of water under pn^ssure forms a very fiowerful cx- 
cavjLting agent for comparatively soft strata, such as beds of gold- 
or tin-bearing gravel ; and very c.ons^lerable use is htdiig made of 
this protiess, often known as liydraulic mining, in the United 
States, Canada, Australasia, the Ked^Tated Malay States and else- 
where. Uig. 101 rc])resents two gigantic nozzles or ‘Monitors/ 
from which are issuing liugo jots of water; these are washing 
away gold-hrarmg alluvial gravel. The height of the hank 
from the bottom of pit to tlic top is .‘lOO ft. and sometimi's 
more. 

In fig. lOl' the rock which is being washed away is decomposed 
auriferous slale, and not gravel. 

The pressun* is obtained naturally or artifieially. It is especially 
in (California that huge reservoirs have lieen constructed for the 
purpose of imj»ounding large volumes of water at suitable eleva- 
tions above the gold beds to be worke<l. it is ofU'ii impossible to 
do tins wdthout going to a distance, .and then the water has to ho 
brought to the w'orkings hy means of ditches, troughs (Jluiuffi) 
(lig. or [lipes. 

TJio water-course tiTininates in a box, whence a big pipe is 
carried close to tlio hank of gravel to be excavated ; a movable 
iiozzli! enables tlie jet to ]»e directed as re«]uire<i. 

If n(» natural fall exists wilbm a reasonalde distance, steam 
pumps can be made to raise the wa,tiT ini(‘ a reservoir, or to 
deliver jets of water din'clly (tvV/e also Chaji. V!.). 

* brook, “Noti\s from the Atliii Uistiict, briti.sli Columbja,” A’uy. Mm. 
Journ., vol. Ixxiv., 1902, p. 707, 
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102. — I^’drauiic Milliner, Singleton Mine, Dahlonega. Georgia, 
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VfG. 103, — Flume for Consolidated Spruce Creek Placers, Atliji District, B.C. 


ciiArrKu V. 

SUPPORT. 

Ex<’\vationr niH'lc in hard jjfrouiid will fiv^juoiitly Ktaiid without 
aiiv proj)S wliatovor ior an iinlniiitc*(l lime, l)nt the miner ha.s 
gcnerallv to deal with rockn which Kooner or later ^rivo way uiiles'i 
sn{){)orie(l. Tlu' ordinary methods of HU])port wdl hist he dealt 
with, and in conclusion certain special methods will ’ee described 
hr icily. 

The e.ommon modes of seciirine^ ininin^^ oxcJivaiioiis may bo 
classitied according to the materials used, \dz., timber, nias(>nry, 
iron or steel. 

(!) Timber. 

For reasons of economy, the miner naturally obtains his timber 
from forests in the n(‘i0»bourhood if possible, and when ohli^^cd 
t(t resort to other districts or other eonntries for supplies, his 
choiee depends lar^mly upon the cost of freij^ht. 

1 wdl hriefly point out' some of the principal kinds of timber 
used in the five cjiiartcrs of the globe. 

Europe |)osscssea many useful conifers such as tin* larch 
Jarix or Lurlx Kuropu'ci)^ Scotch fir i^Pinu^ splostris, L.), aud 
Silver fir {Ahm iWA-lvmda, f>u the ]\I editcrraiieau one 

finds the maritime pine {Vium warifima) and tlie stone pine 
pinra). The spnice fir (/UmVs exreha, D.C.) is far less 
suitable/ tlian larch or Scotch fir, and should not he employed 
where great strength or durability is required. . 

(If tlu! hroaddeuved trees, ttc oak {Qiierrus rohur pcdunrulata 
and Quf’i'eus fohur srs^ilifora) has long claimed the first place for 
durability and strength. In wet places its claims are justified ; 
on the, other hand, in tlie dry bad air of some mines it has to yield 
the palm to the acacia* (Bohinia pi^nidchararia). ^Phis is a tree 
deserving the special attention of the miner, as it can be grown 

* Kiiuticli, “ AV.azicnholz (Robiinen) als Zukunftshul/ fur di‘u Berghan,* 
Gluckauf, vol. xxxiv,, 1898, p. 842; Ibidtm, vol. xxxv., 1899, p. 204. 
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upon very ])Oor Koil and is eapable of yielding useful ])roj)S after 
the lapse of twenty to twenty-tive years. 

Bt'Oeli (Fayns .^f/l raHra^ L,) lliough in no way t'qual to oak or 
larch, has heeii too much neglected by the miner. The collnu'y 
owners of Northern h'raiice lind it protitahh^ to employ alder 
{Ahinii aspen (Fopidua frrnmht), birch {B<‘1ida alba)^ 

cheriy {(b'rams ronimuuiti)^ and hornbeam {()arjtumi< heiulna) 
for sypporting purposes, in addition to pine and oak. 

Jn Northern Asia the miner finds stores of ])ine ready for his 
use, and judging hy th(‘ long lists of trees mentioned by Mr 
James Orniidy * and Dr F. H, Dateh f ihereis.no lack of suitable 
])it timber in India. For all special work such as shaft frames, 
wh(Te durability is all important, teak (Tedona bimi.) is 

employed with advantage. The princij)al kinds of timber used in 
the Mysore mines arc (Jrupii (Hopea pai’idjlura, Bedd.) and irul 
{Xylia dtdahriforttm, l»enth.). 

The most inii>oi‘tant mines of Africa are in the southern piart of 
the continent. 1 learn from my friend Prof. ],awn, of Kimberley, 
Oiat native timber is used to some extent in tlie diamoiul mines, 
'i'he eommoiiest kinds are named in the table below\ 

NaIIVK TiMRKK used at IvlMUEULEY I>IAMO.\U MlNEW. 


Mhiei’.s Name. 

Popular Name. 

Ifotaiiical Name. 

Yelhtw Wood. + 

Pear Tree, § 

Iron Wood. 1! 

1 

i Out('ni(pia Yellow Wooil, 

( Upright ,, ,, 

i White lYar. 

Hard „ 

( Mounlain ,, 

1 Blaek Iron Wood. 

1 White „ ,, 1 

Podoearpus elongata. 

,, latifoha 

\ pod vies dirnidiala. 

Ohnia eyinosa. 

(Uthasti'um Oapense. 

Olea laurif'olia. 

Toddalia laneeolala. 


Speaking generally, the rocks of the South African goldfields are 
hard and require but little timber for the purpose of supp(»rt. 
Among the home-grown timbers iftod for pro])s may lie meutioimd 
black wattle (Arana denirre-m) and blue gum (Evralypiur gJobtdus). 

* Report 071 the Li^peetbm of Mutc.'t m hvlia for the Yiar ending SOth June, 
Ccilciitta, 18%'. 

t “Tim Kolar Goldfield,” ilim. Qeol. Ruo'veg India, vol. .\xxiii., Calratta, 
1901, p. 58, 

+ Much used underground. 

§ Used undergiouud. 

II Used iiuderground, but not sn much as yellow' wood and pear tree. 
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(lanada and the United States, though gradually losing soioo of 
their cnorinouH wealth in timber, are still well siipfdied with many 
kinds tif conifers si]ita])le for mining jiurposes. The Douglas pine 
Doiuj/asii^ ('arr,), often (railed Oregon ])ine, in ex- 
ported in large quantiti(‘s to Australia and the Cape. It is a 
beautifully straight grained, readily worked wood : but it, easily 
takes lire and has been the cause of serious underground conlla- 
graiions' csjieeially at the Broken Hill mines in Ntrw Sout h Wales. 

Our Australian colonies are specially marked by being the 
home of various kinds of eucalyptus. Two that are partiiailariy 
durable are jarrali {Ewalyptus tnaryinafa) and karri {Etirafi/pfus 
diverdt'olor), which hav<‘ been employed for shaft frames. 

Iron \YM'\\.[FMralypfusr.rebra, F. v. M., and Ev^'al yptJis Imiroxylon, 
F. V. M.), is a namo givern to more than one specit‘s of eucalyptus 
used at mines. 

iSew Zealand boasts of the luagniliiauit Kauri jiiiic {J)annn<ir(i 
Australu), whieh is far from being its only mining timber ; and 
parts of Tasuiania, owing to tlnur moi.st climate, ai'o well supplied 
w'ith forests. 

Timber may be affected both hy animal and by vegetable pests. 
In this country a considerable amount of damage lias been done 
to milling timber by tw'O b(.)ring insects— the wood wasp (Eirex 
(jiyait) and the sioid Iduc (Sirej^ jiiminis) — wdiicli continim their 
ravages even after the props or frames have been placed iiiider- 
grouiid. 

Some collieries m (h‘rmany have been troubled by a small 
weevil which weakens the projis, or indeed renders them quite 
useless by its ind(',fatig:iblc burrowing propensities. The white 
ant, the great enemy to wood m the tropics, wu'll attack many 
kinds of timber in dry parts of mines, and countless hordes of this 
winged pest are sometimes seen iii the parts of shafts above the 
adit level, ready to carry on their de.stnietlve labour and speedily 
force the mirier to put in a new' lining. 

The ravages of animal pests, however, are not to be compared 
in amount to those of the vegetable organisms which produce the 
decay knoAvn as ‘dry rot.’ The siiores of a fungus alighting upon 
the mine timber give birth to auvliite feathery plant whieh spreads 
over the surface, or hangs down in long festoons in ]>laces where 
there is no traffic. To use a common expression, the fungus 
“saps the vitals” of the timber. Tn the course of a few y<‘ars or 
even months, hard wood becomes converted into soft tinder on the 
outside, and the decay proceeds insidiously, until at last the prop 
is utterly incapable of supporting its load and gives way uuder 
its burden. 
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Much may Ih* floue by the minor to counteract the two kinds of 
l)anoful influences just menti<nied. Kcllinsj^ at the proper season, 
wlien the trees have the least amount of sap, ami am[)le seasoninir, 
will fi^rcatly increase the life r»f timber; an<l its resistance to 
animal and vcj^(‘tabh‘ destroyers may be fiirtln'r increased by 
various pniservative devices. Auioni^ t.h<\‘>e ma\ be mentioned, 
soaking the timber in, or completely impregnating it with, 
antiseptic metallic solutions such as common salt, sulphate of 
iron, etc., and chloride of zinc. Painl;ng the tirnl^er with a tarry 
liquid, known as ‘ carholimnim aveuarius,’ is a remedy well spoken 
of ill (lerrnatiy. The ‘soligniim’ and ‘jodelite’ of this country 
are similar to carholinenm. The expense of using a good ]iro- 
servative is generally fully repaid by the decreased cost of reqiairs. 



Fie. 104. Tinihoiing in a level Fui. lOn — Tiuibcnu^ni a level 

with a strong roof. with roof and one side wrak 

Til addi1i(ui, there is sometimes greater security to the miner, 
owing to the inllammabihty of tlic timber being diminished by 
the treatment. 

Timber is used in various forms; the truidc is sometimes 
merely sawn into pieces of suitable length, or it may ho hewn 
or sawn into square balks, or sawm in half, or into planks of 
different thieknesses. 

The tools used by tbo miner foP'shaping the timber are the saw 
and axe ; in addition he rc(piire.s a measuring staff, a sledge or a 
wooden mallet for driving the limhor into its place, a hammer and 
a ‘ moil ’ for chi])ping out recesses or niches {hiicliei>), a plumb line 
and a level. 

The principal kinds of excavations in mines are levels, shafts and 

* Jhe l^'irhanvllihtgcn und Ihilersudnmgen dir rreussisrhni Stem nnd 
Kohle)ifidl-Comm 2 ssion, II Heft., Beilui, 1902, }>p. 192-199. 
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working plueo!^. 
})ccaus(‘ tlic par 
or tli(‘ roof* and 


The inotliods of tinihoringa lewl vary considerably, 
Is n‘(|Tiiring support luay be citlicr tl)e roof ab-ne, 
one or two aides, or the roof, sid<‘s and bottom. 
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side mjiiin! suppose. In fig. lOG tlio seam of coal is fairly thick 
aud the ex<^avatioii alTords room euough for a roadway ; hut in fig. 
107 the seam is thimuT and ]jart of the side has to he cut away 
ill oi'der to ohtaiu the necessary space The pressure of coal may 
iie so gicat that some of the piec.es of timher may require struts 
to prevent them from yielding (fig. lOS). Wliere the (loor of a 
h'vel is soft and weak, a sole piece or s/// liecomes necessaiy. 

Jn»S(»me large veins in Qiieenslarnl, witli very considerable roof 



pressure, the upright supporting i^ieces have been replaced with 
advantage by hollow s^piare pillars built up of logs placed two by 
two crosswise, 'riiese columns, either left hollow or filled with 
rubbish, and known as rhocka and cogs in this country, and as 
in Australia (fig. P09), have far more elasticity than a 
single prop, and oiler a greater supjiorting area. This method of 
support requires a gr(‘at deal of timber, hut it has the advantage 
that small logs are inexpensive and easily handled. 

1'he timbering required for .shafts varies according to tlie 
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iiflinre of the pjrouiid and ll»o si/c of the eycavation, A nicre 
of jilauks 8el on tlioir (‘da«’s and oliockcd to^cllier (fijj;. 1 10) 
siitli(a‘!S for small sljafts, oorno'- pieces nailed on so as to 

kec]) the successive frames togethtT. 

The usual uadhod of sceunnj; sliafts is ])y scAs or f rame?i, Kacli 
set (saisists of four ])i<‘ees — two lormer, ladled (If -platan, and two 
sliorter W)0S, called aial jacctn. ddiey are. joined Oy simply lialving 
the timber at oa(‘lj end as shown at hi;'. 111. A more eomplivated 
joint {Wa. ll'J) IS (iften })reh<rred. The s< parate frames are kept 
apa.rl l>y distance })ieces {tifuddlcfi, Cornwall; Joy.'j, Flmtshire; 
pants, United States), and loose ground is prevented IVom falling in 
}»y boards or poll's outside. 

When the end pit'ces carry the wall plates tliey are sometimes 
made long onouL!;h to projec.t a foot or 18 in. beyond them, and rest 
in ni(Ues in the. roc.k. (hiring the process of sinking, tlie last 
fnimos <n’u te.mp(.»rari]y hung from those above b) strong (damps, and 



Fiu.s. m, 112. — Tirrihering for sliaflH. 


when a h.mgth of 10 ft. or 12 ft. has betai completed, jdunks 
{lashimjs oV'l/sf/ntjs) are nailed on inside, stretching over several 
frames and so binding them together. 

This lining of the shaft may be regarded as a very long 
box, with strengthening ribs at short intervals. As shafts arc fre- 
quently used for the several ]mrposes of pumijing, hoisting, and 
affording means of ingress and egn'ss by )add(irs, it becomes nccfis- 
sary to divide them into com]iartments. Pieces of timber parallel 
to the cnd-pi('ces {buntans or (\ivuHn<js) arc then fixed across the 
shaft ; and they serve not only to carry the upright partition 
of [ilanks {brattice) between two adjacent compartments, but 
also to stay the wall-jdates, to hold the guides or conductors, 
and to support platforms, which arc necessary for ladderways 
and for the persons attending to the pumping ma(diinery. 

Figs. 1 Ui, 114 and 115'’^ explain the method of timbering 

* Largely has^.d upoii drawings kindly sn|»|'hed hy tin* Consolidated 
Golibklds of South Afiiea, Ltd. 
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adopted in many of the large sliafts at the gold mines of the 
Witw.atorsrand. 
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A B and C D are tla' two wall-plateK, E F, and G II the two 
end-pieces ; the lon^ ohlon*^ space contained by tliem is divided 
into live coinpaitmcnis, J, J, K, L, M, by four cross timbers or 
dividers.’ Four of tliese compartments are used hn* winding 
[mrposes, ami are iitted witli guides fastened to the dividers. T'he 
fifth c<jm])artni('nt serves for ladderways, pumps and air-pipes. 
Bet weeiii, each t\so successive shaft frames there are four corner 
posts, frequently' called studdles, and eight smaller subsidiary 
distanc(‘ pieces, alsci known v.s studdles. Each frame is susj>ended 
by bolts from the frame above, and the lining of planks, shown 
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Fro. If a. — Detailh of the joints of the tiudiering. 


fti fig. 113, prevents any pieces of rock from falling into the 
shaft. 

The timbering of working places varies grc^itly. The simplest 
case is that of a horizontal beef, wdien props put in vertically will 
often sufiice to support the weight of tlic roof. The addition 
of a lid, a flat or slightly wedge-shaped piece of board, extends 
the bearing surface, and, by presenting a smooth face to the top 
of the prop, enables this to be forced more firmly into position 
than it could be against a rough roof. It also yields a little 'to 
the pressure of tin; roof, and lengthens the life of the proj) in 
this way. If the bed is inclined, the prop is set somewhere 




Fio. 117.— Prop aiul lid, alluvial fijoUl mine, Wi stern Aiistralia 

Pg. 117 '"tj a photographic representation of tlie same method of 

* Accidents in Miihcs from Falls of Hoof and Sides, Lojidoii, 188G, ]>. 50. 
t From a jdinto^raph taheii hv Messrs .loslnm & Dwyei, Kalgooilie, rml 
kindly supplied by Mr A. G. Charletou, A.R.S.M. 
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su])})ort. Tlui co^s, or cribs already mentioned form very 

efficient sup})ortH and are largely used in working places. The 
logs employf'd in building them \ary in length from 3 to 20 ft. 

big* 11}^ represents one of the huge structures which may 1)C 
scf'u in the AVielic/ka salt mines, 

Tlie ‘s(]uare set’ system, largely used in the United States and 
Australia, and not unknown in this country, has been devised for 
siipj)ortiiig the roof and sides of the excavations which are farmed 
in working away large irrognlar ore-h(»dies and very wide veins. 
It consists in tilling tlie worked-out space with a timlier structure, 
built lip of a series of parallelojiifiedal frames. Each ‘s('t,’ or 
unit of the structure, is idiaitical in shape and size, and is com- 
jiosed of a iv'cdangular base placed horizontally, formed of four 
pieces of timber 4 to ti ft. long, carrying a post 6 to 7 ft. high 



Fn; 1 1 S. -Tiiiih'T sjrui'Uiiv ioi siip])urting tin* root, Wioliczkn, Austu.i. 

at eaeli corner, and capped by a rectangular frame similar to 
the base. The cap-pieci‘s wdiicli form the top of any set are at. 
tlie same time the base of the next set above. As all the tenons 
and shoulders for jointing are cut at the surface strictly to 
gauge, the building uj) of the framework can be made to follow 
till* removal of tlie ore wdth great ease and speed. 

This system has the disadvsijptage of introducing into tlic mine 
a huge inflammable structure, which is a source of groat danger. 

(2) Masomy, Brickwork, etc. 

Masonry has long been used for supporting purposes in mines. 
Tlie materials necessary are stone, ordinary bricks or slag-bricks, 
and they may be built up alone (dry w<dHnfj), or with tlie aid of 
mortar or hydraulic cement. Concrete, a mixture of hydraulic 
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cement, fcir'uid and 'mail stones, is oeejusionally employ('d, and 
undoubtedly could bo more so with advantajj^i'. 

In levels, dry wallim; and timber are sometimes combined. 
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Fio. 119. - Level lined with niH.soiiiv, Futo.si i>l Deiiii. 

Tims, after tiu' exea^ation of a \\id(' lode, the rtibbish is piled 
u]) on tlie sidles, waJls are Imilt n[) of the large s'tones, and l»eams 
of timlu'i' are laid aeio.-s, uhiidi sup- 
port the ‘ ileads ’ when the higher 
})ortions of the, lode are taken away. 

Fig. 119 ro[)resents a level in an 
iron mine in the Forest of Dean, lined 
\^ith roughly lievvn sandstone. 

If both sides of a vein (tig. 120) are 
firm, an arch atTcrrds anijde protection 
when the mineral has been remove<l, 
and provides a resting-place for ftie 
rubbish {deaths aiile). 

Steel girders are sometimes cm- Fm 120. — Siono arcli in 
ployed as an adjunct in dry walling. nKif of a lovtd. 

In fig. 121 the sides are built up with 

stone for a thickness of 10 in., whilst the roof is made of a 
succession of curved beams of J-stocl 2 ft. 0 in. apart. The 
Spaces between tlie successive beams are partly covered over by 
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snjall ro<ls of square iron {Q.unir}i Dahuron^ Fr.), and, tiie arch 
is then completed with pieces of Hat stone as shown. 

(due of the main cross cuts at Mansfeld was lined with concrete 
for a length of 1000 nietros (-05 mile) ; 12 metres (40 ft.) a day 
were put in, and ff»r this purpose 50 metres (1^4 ft.) of centering 
were required. The laths were covered with thin sheet iron, 
so as to prevent the concrete from sticliitig. Tlio concrete was 
made of Tortland cement, broken sb^nes and gravel, in *1410 pro- 
portion of 1 to 7, viz., 1 part, of cement, 2^ of broken stone, and 
4J of gravel. Up to a height of 1*6 in. from the ground, the 
layer of eonercte was made thick enough to join mi to the sides 
of the level, in ord(T to assure a tirni foundation. Above that 
height it vas made only 6 in. thick, the sides of the level having 
b('eii ])r('vicms]y built up Avith dry walling. 

In the case of shafts, the advisability, or indeed frequently 
the ni'eessity, of luiving a lining which as ill he jiermaiient and 
require few rejiairs, is veiy marked, d'hc shaft is generally the 
main th(»roughfaR' lea<liug to the ssorkiugs ; in a coal-mining 
country like I'aigland, it constantly hajipens that a c-onple of 
shafts form the sole outlets for the men and the mineral, and the 
sole jiassagcs for the entry and exit of the necessary air supply. 
If the liiimg of one of the shafts wore to collapse, the lives of the 
pits crow might be imperilled by a stojijiage of the veiitilatiiui 
and the Avliolo Avork of the mine brought to a standstill. The 
seam-miner, who is able to estimab; the number of jTars his pits 
will be waiib'd, and wiio sinks far fewer sliafts than the average 
vein-miner, (ind.s it to his advantage in every way to use a form 
of lining whieh to the latter has often seemed extravagant. 

In addition to being iimre durable, the lining of bricks, masonry 
or concrete has the immense afh'antagc of being non-inflammable. 
It is true that many shafts are Avet, and consequently free from 
any danger of the thiiher lining taking lire aecidentally ; hut 
sundry terrible shaft-hres at home and abroad, causing great loss 
of life, have led to the opinion among capable mining engineers 
that the linings and fittings of all shafts should he made of 
lire-resisting materials, unless the shaft is damp naturally or kejit 
Avet artihcially. ’ i 

ddic section of Availed shafts is generally eirenlar, as affording 
the best resistance to pressure. Elliptical Availing is chosen liy 
some mining engineers when it is neei'ssary to jirovide room for 
pumping as \M‘ll as for t\AT) cages. The ovail is sometimes struck 
out by tuo segments of a circle of large radius for the sides, 
and two segments of a circle of short radius for the ends. The 
walling may be dry or Avith mortar according to circumstances. 

8 
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The iiiaMUiry liiiiDg is pul, in either in one leiii»th, or in sneeessive 
rings or s(!etions in deseenrling order, and tliis is tlie usual plan. 

'ITo Khidl is sunk lo a certain de])th with a teinpitrary lining 
of tiinlier, and when linn ground lias l.een rt'aehed, a hod is cut 
out on which is pfaced a enh or curh (A H, fig. consisting 

of segments of tiinher forininii; a ring. ^I’liis serves as a foundation 
for the brickwork, whicli is built uji to the surface ; the temporary 
timbering is Bometimes left in and sometimes n'uiovod as the 
wm'k jirogressos, and any vacant space is hhed in with earth or 
concrete. Sinking is then re.^nmed, and of a smaller diameter 
for a eA'rbun distanei*, so as to leave a braeket or ledge to support 
the curb. On arriving after a certain depth of sinking at auotber 
firm bed, a second curb, 01), is put in, 
'-ig- and a second ring of brickwork built U]). 

Ij®:' k When the intervening ledge of rock is 

reached, it is curefu'l\ removed in small 
reSjiV- si'c.iions, and the brickwork b’‘Ought up 

fW|'b ;:g to Dm first curh. This process rs rcjieatcd 

until the shaft is coii)])leted, or reaches 
which no m ivmry is re<juired. 
^ If, owing to tlie nature of tin* ground, it 

\jf ^ is impossihle at first, to find lirrri seats 

r,j ^ for the (uirlis, tlicy must, he hung hy 

p iron bolts from a strong liearing frame 

pins fixed in 

• y /> Sonic shafts in Germany have lati'ly 

J-J been lined with concri'te blocks sliajiod 
Ite... £•: .T” •'50 as to fit the curvature (*f the sides. 
Fig 12:h—lhick linin'^ block is fluted at the top and at 

♦foi sliaft. ” ilu? ends, wdiilst the bottom lias a head- 
iiJLS ’^'hich lies in the clianuel of the 
block lielow it. A simpler plan is to build up a coiicrijiu lining 
between the sides of the shaft and suitable eentermgs. The 
Moiiier system consists in strengthening the concrete l)y a coarse 
network or skeleton of iron wire emhodded in it, Tlie ingenious 
iron lattiee-wairk of tlie l'lx]).\ndod Metal Gompany, which lias 
been successfully employed in reinforcing concrete for building 
purposes, might likewuse he employed. 

Ordinary working places are mere temporary excavations, and 
it is only in exci'ptioiuil cases tliat it is possible to incur the 
expense of building pillars with cement or mortar to support the 
roof and sides. Rough ])i11ars, fmilt up of lumps of waste stone 
* J, Gallon, Lectures on Mivin/j, vol. i., Atlas, Plato X.XVUI. 


Fig, 12:h — Ihick linin, 
♦foi sliaft. 
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or of the UK(‘ful nhneral itself, may sometimes take the plaee 
of timber or may be used as adjunct to it, as is the ease in tig. li!-!, 
borrowed from Mr Sawyer.* Tlie timber at tlio top allows the 
])res,sure to come gradually upon the stone. The post is eventually 
draw'ij out and the stoiie recovered. ® 

Metallic Supports. 

TlT(‘re are various ways of employing iron and steel as su])ports 
f(»r levels, shafts and working places. ^ 

Some neat and elleetive forms of steel supports are naule in 



Fio. 124. —Stone ]nllar supporting the root of a working plaoc, St<>tro)tiRliiie. 

P'rance, where more attention has been paid to the subject than in 
this country. Where the floor of a level is good, frann's such as 
are shown in lig. 125 answer admirabl}^; where the snrrouinling 
conditions are lialjle to causi; the floor to rise (creep), a e.ircular 
frame affords sujjportall round (fi^. 12G). 

The supporting frame shown in fig. 127 1 is made of rails or 1- 
stecl. The horizontal bar is comieek'd by liolts to the ])ieces of 
angle steel which are riveted to the legs ; hut it is not, imcomiiion 
to see n steel bar sup])ortcd by wooden legs which ari' cap[)od witli 

'' Op, ciL, fig. 4. 

I THc VerkantNvinp'n vvd Untf'nuchiingrv der Prcuiisischc'n Steie- und 
KoJUcnf all- Commission, II. Heft., Bcilni, 1902, pj). 192 199. 
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some form of cusi or wroufjjht-iroii shoe (fig. If the roof 

pressure is great, or tlie span wide, the }>ar is often slightly 
arched (fig. 1 20*). 

The advantages of using iron or steel supports instead of timber 
are uunH'rous : * 

(1) (Jreater durabdity, which means a reduction in the cost of 
repairs. 



Fio. 125.— 'Steel snjjpoits for levels. 

(2) rossibility of usitig the«be;ims elsewhefe wlien taken out. 
]f bent sliglitly, they can be reversed; if badly knocked about 
tlu'v can ijc sent to the steel works and worked up again. In any 
ease, they are of some value. 

(d) Jjightness and handiness compared with timber. 

(4) Increased space for ventilation. 1die free space in a level 

■* Tiic Vn'hiiullmujen mul IJvUrsnchunqen der Prcussischeu Stem- imd 
Kuhlcnfall-Commisswu, II, Heft., Berlin, 1902, ]»p 192-199. 



Fig, 1*27.— Stwl beams for snp[)ortiiig Fkj. beam resting upon 

roof and sides of a level. timber ‘ legs.’ 
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hoij^ht of G ft. means aii increase of or 'oj pei cent., in tlic 
ar(‘a of the airway. 

(r>) No (letenoration of the air of the mine by {leoaying Limber. 

(G) N<t danger from lire. 

The ‘ lagging ’ outside tlie frames may be composed of ])Ianks or 
of Ihin lars of square iron or eiiannel iron. 

La]ge*and small shafts are now very successfully lined with 
circular or rectangular snjiporting frames made of steel. ‘Tlie 
circular franu's are rings of 'idiannel iron or steel, made in two or 
three segments bolted together inside. 

Figs. I'^O and 131 slnnv the nature of steel lining in a shaft 
sunk a few years ago at Clansthal in tlie Hart/.* 

Steel has lately lieen employed for the purpose of lining inclined 
shafts at large iron mines in Mielngan. At i> shaft, ihoneer Mines, 



Fig. 129 Arched sIk-I beam resting upon timber ‘ legs.’ 

Michigan, the inside dimensions of which are 17 ft. G in. hy 6 ft., the 
two wailbplates are made of 30-lh. steel rails, and the end-pieces of 
25db. rail. These are held together at the corners by pieces of 
angle steel riveted on with lialf-inch rivets. Tlie rails for two skip- 
w'aj's are siipporteil hy dividings made of J-steel. The successive 
frames are kept apart by studd^es, also made df rails. Figs. 132, 
133, and 134 cifilain this kind of limng.t 
Simple castdron [irops ma-y be used instead of timber for tvork- 
mg places wliere they can be withdrawn. . They are ratlier heavy, 
but tliey will serve over and o^er again. At some collieries a 

* “ Der Schaclit ‘ Kai.ser Wilbelin II. ’ bci Clansthal, ” Zeifschr. /. B.-H. 
u. vol. xliii , Berlin, 1895, Plato XVII. 

t Druko, '• Tlio Uso ol vSnsel iu Lining Mine Shafts,” Mines and Minerah^ 
vul. >xni., 1902, p. 128. 





Figs. 132 and 133. — Pjan and sid*" elevation of steel fiames used for lining the shaft 
of a large iron mine, iSliclngau. 
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(1) Special Methods of Support. 


Wo now conioeto the spociid nuitliody of support used in the 
casr of soft, loose, watery or nimiin.L; cjroiUHh T'iiej arc: (a) 
or loropoliiiLT ; (/•') siiihing di'inns or sinking 
linings*, (o) con'criiig ; (</) tubbing; (e) pneumatic proHsure ; 
if) freezing. * 

(a) If th(‘ ground is loose, so that tlie roof or sides, or bolli, 
will run in unless supported, the method of working ndWvxl , spilling, 
s/dliug, or po/ing is ])ursue(l. It consists in suiiporting the wt'uk 
paits by boards or poles in advance of the la^t 
frame set u}). TTie ])rocess may be deseril)ed as 
pushing out a protecting shield in very narrow 
sections at a time, TTie poles or boards (laths) are 
driven forward by blows from a sledgi‘, and the 
gixamd jirotected by tliem is then \\otk(>(l away 
with the pick ; the removal of tin-' gro\ind eiiahles 
the lath to be driven in further; the pic-k is now 






iL 



Fin. 135.— 
iStfcl prop. 


Fm, 136.— -Drhiiigtliroiigb Fuj. liST.—Seotion of frame 
loose ground l»y spilling. and poles u.-ed in spilling. 


once more called into requisition, and by successive small ad- 
vances the sliield of [loles or boards is extendod a distance of 
three or four feet. Kig. 13G shows one of tin' advance poles 
partly driven, with the front hiid resting on a set of timber; the 
pole behind it is in its linal position. The section, fig. 137, 
explains that the lower set of jioles, those which are in the' 
course of being driven, have room enough to slide on the top 
of the cap, owing to the blocks placed upon it being slightly 
thicker than their diameter. 

S])iUmg is likewise employed in the case of shafts. Strong 
balks of limber are li.ved at the surface or in solid ground in the 
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shaft, and the first fr'anic is supported upon these ‘hearers’; the 
next frame is hung from the first, the third from tlie second, and 
so on until tlie loose ground is passed. 

I’lanks (laths) are driven down around the outride of each fnimc, 
so as to form a hollow pyramidal shield, whieli kt'eps the loose out- 
side earth from falling in while excavation is proceeding. In due 
time depth enough is gained to put in another frame ; this ^ervos to 
stay the lathes driven from the frame above, and also as a starting- 
point for a new set of laths for continuing the process of exea\ation. 

(h) Sinking drums or sinking linings are hollow cUinders of 
brickwork or cast iron employed in sinking through quicksands; 
they gradually •lescend from Uu-ir own weight or are forced down 
by hydraulic ])resseR. 1'hc descent is ai(h>d by excavating in the 
bottom either by hand or by machinery. 

(c) Tlie method known as ‘coffering’ consists in linnig the shaft 
with a w'ali, made of brick and cement oi lirick and hvdraidie 
lime, and in hacking thi.s up with puddled clay. It is speeiall) 
used for kei'ping liack surface wal,er. 

(d) lly ‘tuhiiing’ is meant a watertight lining to a shaft; it 
is put in with the object of preventing the influx of water fruin 
the surrounding strata, and of so saving the ex])ense of pumping 
it out day after day and year after year. It may he made of wood 
or of cast iron, and the latter is tlie commoner material. The 
lining then consists of a scries of rings, eacli ring being usually 
made up of several si'parate segments. 

As a rule the cylinder of east-iroii jilates is built up within a 
temporary timber lining, which is carried down until it reaflies 
some solid and impervious stratum, below the water-bearing 
measures, fit to serve as a foundation. Wiieii such a foundation 
has been found, the sinking is continued for a few feet, and a bed 
is cut very carefully, and trimmed perfectly even and horizontal, 
so as to receive a foundation ring called a ‘crib’ or ‘curb.’ d’he 
curb is a hollow ring of cast iron made in segments about 4 ft. 
long. Strips of deal about half an inch thick are placed between 
every joint, and the segments arc brought tightly together by 
wedging up the space between the outside of the curb ami the 
rock. The joints are then rendenid perfectly stanch by driving 
in wedges into the deal strips. A second curb is laid upon the first, 
with intervening strips of deal, and tlie w'cdging proc.ess repeated; 
sometimes a third curb comes upon the second. Tlie top curb is 
the foundation for tubbing proper, which is built up segment after 
segment. The segments arc usually 1 to 3 ft. high and 4 ft. long; 
their thickness depends njion tlie pressure of water they have to 
withstand, and varies from i to 31, in. They are smooth inside, 
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but are strengtlieiied with flanges and ribs the side turned 
towards the ground. 

ddic scgujcnts are kept in place by wedging them against the 
sides of the pit, avd filling up tlio interspace with earth or con- 
CH'te ; thorougli staneluicss is secured )>y interyjosing a half-inch 
strip of deal or jiitcli pine at every joint, and tinally driving in 
wedges ivlien all the tubbing is fixed. Water coming in from the 
surrounding strata is allowed to escape through the central* hole 
of each segrruiut. X cast iron lining C 3 dinder (figs. 139 and 140) 
is thus built up inside the shaft until an impervious stratum above 
the waterbearing ground is reached ; another wedging crib then 
com])letes tiie tubbing. The joints are wedged up as tightly as 



Fjo 1:LS. —Cast-iron Tubbing Fui.s. I;'.9 uiid 140. — Cast-iron Tubbing, 
riate. Wedging Club. 


possible, and finally pbiga are driven into the central holes of the 
segments. If the work has been properly yierformed, the linings 
will be watertight. 

In France and Jhdgium tlie flanges are usually inside and tlie 
segments are joined by bolts.^ Hheet lead about J in. thick is 
interposed, and by siu’cwing up the nuts tightly the joints are 
made quite tight. 

When shafts are sunk by boring maidiinery, the cast-iron lining 
usually consists of a scries of complete rings of cast iron, with 
internal flanges, wdiich are bolted together. In the Kind-Chaudron 
process the huge hollow cast-iron cylinder cuii'>tructed in this 
manner, and gradually lowered into the shaft full of w^ater, is 
cloS'.'d at the bottom, and it is provided with a ‘ nibss-box,’ a special 
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arranjxemont for peaking a stanch joint wl>en tlic foot of the lining 
comes to rest upon a. sinall ledge cut out on piirjio.se hy the boring 
tools. Ar soon as the descent, has been safely accomjilished, 
concrete is lowered into the intersjiacc between the nu'asures and 
the cast-iron rings, and this adds to tlie security of the lining. 

The moss- box, the special feature of (duxTidron’s process, is not 
a sine qua noii^ and it has been successfully disjiensed xvitb^ in sonic 
sinkings in Northern PTance. The staiieliiiess of the joint between 
tlic l*ottoni of the column of tubbing and the surrounding strata 
is secured by very careful concreting. 

{(') Oo)/iprfis,<e<1 Air Mdhod . — Sinking by comtiressi.'d air was 
suceossfidly introduced in Franco by M. 'IViger aliout half a 
century ago. The shaft lining is a cylinder of ciist iron, 
lengthened by adding ring after ring at the surface, which sinks 
down gradually from its own weiglit as the earlli in the bottom 
is worked away. In order to prevent the water in the sniTound- 
ing bi'ds from coming in, air under pn'ssure is led into a, cliainber 
at the bottom of the cylinder, \Uiieh is shut oft' by a l»oT'iz:ontal 
partition or diaphragm. Above this working cliamlxT there is an 
‘air lock' fur preventing the working ebamber from communi- 
cating directly with the atmosphere. 

ThiU'C arc two great disadvantages cowph'd with this nietliod : — 

(1) TJie impossdiility of going to a depth nnieh exei'cding 100 
feet, because, speaking generally, a pressure of 45 lbs. per srpiaie 
inch, or three atinos])heros above the normal pi'tssurc of the 
atmosphere, is about as much as men can stand. 

(2) The fact that tlic health of the men has boon found to 
sull'er. 

(/) Freezing Method . — Tliough Nature had long ago taught the 
Siberian prospector that he could stop the inftow from porous 
wat.erlogged gravel into his shaft hy allowing frost to cimvert the 
strata into a hard impervious icy conglomerate, it was not until 
1-S.S4 that Poetsch ventured to apply attiftcial cold for the same 
purpose. 

Poetseh’s jirocess consists in causing a very cold liquid to 
circulate in pipes through the ground, and so free/i' it into a 
solid niiiss, in wliicli an excavation ^lan he made without timlicr oi’ 
other supjiorLs, and without any pumping. While the ground is 
still frozen, a east-iron lining is put in, and it is so constructed 
that it will keep out the water, when the strata have thauod after 
the removal of the cold-prod uciiig appliances. 



CHAPTER VL 

EXPLOITATION. 

The lonii ‘exploitation’ may convenifintly adopted to denote 
the inetlavl of wo]•ki^L^ or, to speak more j)recisely, the method of 
arratiiTin^ tln^ workinjx places in order to remove the mineral 
deposit ill the most advantage *us maimer. 

There are two principal methods of attacking and removing a 
mineral de])o^il, according as the work is carried on in ])laccs open 
to the sky, or in chainhers and passages under a cover of rock or 
earth ; and as gold-bearing gravel and pliosphates arc oocasioiii'ill}? 
dn'dged 11 ]), and as liipiid, gaseous, or soluble minerals are 
obtained by wells or boiadioles, wc have two further methods 
which are sometimes of nnich imjiortance. l^astly, wdiilst the 
true ‘getting’ is carried on in workings open to the sky, it is 
sometimes couibined with undergnmnd transjiort and hoisting. 

The complete classiiication is, therefore, as folIow^s : — 

(1) Snbaeriiil or open workings. 

(2) Subaqiioous workings. 

(3) Wells and horeliolos. 

(4) Mixed o])en and niidergroniid work 

(5) Suhterraiiean or underground workings. 

(1) Open Workings. 

Some minerals are always obtained in this way; others are 
worked ‘ oi)eii-cast ’ before uiidcrgroiind mining begins; and it 
mav liapjien that underground and surface work are both being 
carried on siinultaneonsly in adjacent parts of the same mine. 
Among the minerals often worked open-cast arc coal, brown coal, 
gems, and the ores of copjier, gold, iron, lead and tin, to say 
notliing of all kinds of stone. 

The advantages of open works are numerous : — 

(n) (‘ompleie removal of the mineral without any loss in the 
form of pi bars. 
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(h) No fxpoiiso O’' tronhlo as regards ventilation, inon a]\\u}'H 
working in good ;ur; no danger of explosions. 

(c) No ex];ense for lighting, unless work is carried on at night. 

{(/) Little or no oi[»ense for timhering. 

(e) Possiliility of laying out work in larger steps or ‘slope's' 
than can be usually done in uiuh'rground working places. 

(/) Easier supervision. 

On the other luind, there is usually the inunense disadv'uitage 
of liaving to remove a groat deal of wa^^c roi-k cttvering the 
deposit, l(’(‘bnic;dly known as ovprhunh'H, or rock lying at the 
side which would inevitably fall into the pit if deepened eonsnh'r- 
alily. Work, too, may be sto})ped by bad weather, such as heavy 
rain, snow or frost. 

<7euorally the first process in an ojien working is tiu; removal 
of the overimrdcii, and tin; manner in which this is done ch'pends 
upon Die nature of tlie ground. 

An (‘xam])le may be lakou from NorDiamptonsiun', where very 
large (jiiaiititiewS of iron ore are ohiained from beds of Jurassic age. 
d’be actual bed of ore at Cranford in Noi thampton^lnre is 8 to \ 'l 
ft. Diiek, and the amount of overburden taken oil’ is sonK'lmu's as 
much as 20 ft. ; wluai tin’s thickness is e.\cee<led the ore can no 
longt'i' be worked with profit. 

d'hc sod, or ‘meat earth,’ \vlii<-h is from 8 in, to 2 fi. decji, is 
]uit aside carefully, for it has to he restored to m.ake the surface 
gooti and available for tillage. Elie remainder of the overburden 
is cut away in one or more steps or ‘stopes,’ for convenienee and 
safety of the w’orkmen, the base of any .step being usually about 
equal to its height. I'he accompanying figure (141) represmits a 
pit near Kettering in Northamptonsliire where 15 ft. of overburden 
are removed from a 12-ft. bed of inuistone. T’hc soil having bi'i'ii 
cleared off with a shovel, the men undercut the first stratum with 
a double pointed pick a1 a and then drive down a crowd>ar at h 
and another at a little distance from ii. Jly working the bars 
backwards and forw'ards they cause a big block td break oil’ along 
the dotted line, d’his cruinhles in its fall, is s}io\ell(‘d into 
barrows, wheeled across the planks, and tijiper] on to the bank. 
After the top lias been cleared aw'at for a feiv feet, tlu' next bed 
is treated in the same w'ay, and then the third, until tie* ironstone 
is reached, and laid quite hare. The ore can usual h be easily 
broken with the pick and at once loaded into small waggons, 
holding ahoiit a ton each. Occasionally a sliot is bred in order to 
loosen parts that are hard. The loading is done wdth an eight- 
pronged fork, so as to separate the fine ore whicli the smelters 
refuse to take. If there is much fine, the ore is sifted ; one man 
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KtaTids over a wlioolharrow lioliling a round 
inesb, and another sliovels the ore to hiij].’ 
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tlinnvn into the 
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each step or 


slope is about 
ft. liigb, M 
the great Peu- 
rhyn slate 
quarry, near 
U a n g o r, in 
North AVales, 
the valuable 
slate and the 
valueless over- 
burilen arc 
botli taken 
away by a series 
of stops or ter- 
races, on an 
average 60 ft. 
high by .30 ft, 
wide, as shown 
in fig. 143. 
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When the rock 1. 'irm cnoiigli to stand for a great height, it is 
somctinjcs found convenient to take it down in one vertical slice 
without making a series of steps. 

Another method is that of firing a very Iv-rge blast, which 
brings down thousands of tons of mc.k at a time. It is ])repared 
l)y driving in a tunnel at right angles to the faee of the (piarry, 
and Tiiaking one or more cliambers, which are charged iviih gun- 
]K)wd<ir '.r some pther explosive. The tnnnel is th(;n tamjKxl up 
like a gigantic shothole, and the charge is fired by ordinary 
safety fuse or by electricity. 

As already explained in Chapter IV., the term ‘hydraulic 
milling’ is a[)plie(l to the method of open quarrying hy the aid of 
a jet of water. Tlie manner of ohiainiug the water under pressure 



and of applying it has already been explained, ^fho stream of 
mud and stones coming away from the working face is led into 
‘sluices,’ which are large wooden troughs paved with blocks of 
wood or w'ith stone, or provided with false bottoms made of iron 
bars. 

The big boulders rushing down the sluice are of service at first 
by breaking up gravel which may*be much cemented together, 
but at the same time they naturally w^ear out the sides and the 
pavement. After they have been washed down the sluices for a 
certiiin distance, they are got rid of by a grating which shoots 
them into any convouiemt ravine or guUy and lets the, finer 
particles pass through. 

* Courtney, “Alining and Treatment of Copper Ore at Tharsis, Spain/* 
Proc. Jrisl. C,E.. vol. exxv., 1896, p. 126. 
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Mercury is nd^lod several times a day at tJj' Load of the sluice, 
and tlie upper part, say the llrst 1000 ft., is cleaned up every 



Fig. 143. — A small part of the Penrhyn Slate Qnarry, Korth Wales, from a photograph by 
Mr G. J. Williams, H.M. Inspector of Mines. 
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into a parallel line ..f sluices. A small quantity of water is turned 
into the sluice to be cleaned up, the false bottom is taken out, 
and on the floor of the trough will be found the amalgam ; it is 
scraped u]) wdth iron scoops, washed, squeezed through canvas 
or leather, and retorted. The spongy gold rernainiiig behind in 
the retorts is then finally melted into bars. The mercury re- 
covered by condensation is used over again. 

It* is not everywhere that the gravel beds occur in hilly 
countries where reservoirs can be constructed for supjdyiug the 
necessary water under pressure and where convenient ravines 
exist into which Tlie stone and earth can be shot after the extraction 
of the gold. The gold-bearing stratum is sometimes found under 
river flats without the two advantages named above, and in such 
cases a method known sometimes as ‘centrifugal sluicing’ and 
sometimes as ‘hydraulic sluicing’ is applied with jirofit (fig. 144). 
It is merely a form of hydraulic mining in which the jet of water 
is obtained by steam pumps, and in which the mud, sand and gravel 
are lifted by centrifugal pumps into gold-saving troughs (f^hiires) 
carried on trestles above the surface, and are finally discharged, 
after the extraction of the gold, into a pit or part of a pit already 
worked. An important feature of this so-callcd ‘centrifugal 
sluicing’ consists in the easy removal of the plant, wdiich is placed 
upon a big barge or pontoon of very light draught; this rests 
upon the ground while work is proceeding, hut can be floated 
from place to place as required, until all the best parts of the 
river flat have been attacked and exhausted. 

(2) Subaqueous Workings. 

In Chapter IV. mention was made of the dredges of various 
types which are employed for the purpose of extracting gold- 
bearing sand and gravel from the beds of rivers, (rcfld is not the 
only mineral worked in this fashion ; in South Carolina pliosphate 
of lime is dredged up from river bottoms, and in Prince Kdward’s. 
Island a shell-marl obtained in the same manner is sold as a 
fertiliser. Lastly, on the coast of Germany, between Dantzig 
and Memel, tw^o forms of subaqueous work have been applied to 
the getting of amber. The mineral has been obtained by divers 
and also by the use of bucket dredges. 

(3) Wells and Boreholes. 

Liquid, ga.seou8 and soluble minerals are sometimes obtained 
in this fasiuon. The principal minerals are: — Carbunic acid, 
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natural inflaimiiaLle 
gas, })etro]euiii, and 
salt. 

Uiidorgrouiidsiip- ^ 
plies of carbonic 
acid are tapped by 
borclioltis, and tbe 
‘ getting ’ coftsists 
simply in piping of!' 
the ga's from the 
tO]>. 

Ih-ecisely the same 
reinarliB apply to the 
case of the natural 
gas used for fuel in 
]‘ennsylvania and 
elsewhere, tlie oceair- 
r(aice oi which has 
ali'cady beeii de- 
scribed. 

The mineral jje- 
troleum is obtaiiu'd 
either from wells or 
boreholes. In the 
United - States, 
Russia, arid else- 
where, boreholes are 
sunk by one of tliQ 
processes described 
in Chapter 111., and 
yield oil, which will 
rise either to the 
surface or part w ay 
to the surface. In 
this latter case it 
has tc* be drawn up 
by pumjis or 'by 
huge bailers. In 
order to increase the 

* Australian Mining 
Standard, Special Edi- 
tion, Lst June 1899, 
jMclbourne, Victoria, 
p. 163, 
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flow of oil from the Kurroundintr rocks into tlie borehole, especially 
when a hole is besjjinning to fail, the oil-lx'aiiiig stratum may 
be cracked, and broken up by a ‘ torpedo.' ''rhis is a powerful 
charge of some explosive contained, in a tin Cylinder, which is 
lowered into the hole to the napiircd de])l]i and then o\plodcd. 
i itrogl^ ceiino, dynamite or gunpowder may be employed, but 
of course the last ii^ only used when its more powerfifl rivals 
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Fio. 145.— A small portion of the balakhany oil-%ld, near Baku, Russia, 
with nuuujous doiricks, each one over a borehole. 
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cannot be obtained. As much as a hundred quarts of nitro 
glycerine may he used fur one blast, in which case tlie eiplosive 
is let down in separate cylinders, each containing twenty quarts, 
fl'ho explosion of the toj) cylinder fires the charges in the 
others. 

The great bed of salt near Middlesborongh is worked by making 
a horeliole and putting in two tubes and a pump, so arranged that 
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the water from a superincumbent bed of sandstone travels down, 
dissolves the salt, and is then drawn up. 

Natural sheets of saline water or brine exist in some districts, 
and can bo tappi*.d by wells or boreholes ; indeed, salt was 
worked in this way long before the discovery of the rock salt. 
hJome of the salt in Cheshire is derived from i)rine pumped up 
from inhndated mines worked originally for rock salt, which are 
now full of water and cannot be entered. 

(4) Open and Underground Works Combined. 

As a typical instance of this method may be mentioned the 
sO’Called ‘milling’ process sometimes employed for working iron 



A is bam-ii rock in whicli tlie .shnft. B C i.H sunk ; I) is the oro ; E F and G II 
are levels about 60 ft. apart ; I is a crater or funnel-shaped pit in which 
woikgoeson ; J K ami LM are rises ooninumicating vith cross drivnges 
driven out ftoni the mine level E F ; N is a thick layer of overburden 
lying upon the iron ore. 

ore in Minnesota. While the overburden is being stripped off by 
a steam shovel, a shaft is siiulr, and levels are driven off into the 
ore ; drivages are made from these main levels at short intervals, 
and rises' (‘ raises’ or ‘upraises,’ U.S.) put up to the surface. 
Workmen then begin excavating around the top of each rise, into 
whi(;h they shoot down their ore ; the bottom of the rise is fitted 
with a suitable door enabling waggons to be filled rapidly and 
easily. As working proceeds, each separate little pit assumes the 
form of a crater or funnel, and at some given moment the 
workings would bave the form represented in lig. 146. 
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(5) Underground Workings. 

Tlie methods empl(>ye(l for extracting minerafe underground are 
almost as varied as the mitierals themselves. 

The deposit must first be reached by a shaft, i.n. a vertical 
or steeply inclined pit, by an ‘adit,^ i.e. a nearly hf>rizuntal 
draidage tniiuel, or by an ‘incline,’ i.e. a sloping tunnel. 'I’he 
choice between these three methods of attack must he governed 
by the contour of tlie country and by the general circumstances 
of tho case. 

Supposing the deposit to liave been entered by one of these 
three methods, the problem before the miner is how to remove 
it to the best advantage. 

Underground w'orkings may be classified according to the 
nature of the deposit worked, that is to say, according as the 
deposit is a bed, a vein, or a mass; but such a classilication is 
not entirely satisfactory, as it separates methods of working which 
are in reality identical. A steejily dipping seam is worked much 
in the same fashion as a vein; methods employed in working 
away thick veins often dilfcr in no way from those found advia- 
*ahlc ill the case of many masses. On the whole, it is better to 
take some other criterion, and following llaton de la GoupilliiNrc, 
it will be seen thau the removal of a mineral deposit by under- 
ground workings proceeds according to one of tho three following 
great principles : — 

(a) Chambers and permanent pillars, 'i,e. removal of the 
mineral incomplete, part left in the form of supporting pillars 
or pillars and floors. 

{})) Subsidence of roof or ‘caving’ method, i.e. removal of 
the mineral complete with subsidence of the roof. 

(c) Filling up method, i.e. removal of the mineral complete, 
empty spaces completely filled with rubbish. 

(*a) Ghavihera and Permanent Pillars . system is frequently 
adopted with minerals of no great intrinsic worth, when the value 
of the pillars left behind is less tjian the cost of putting in tho 
artificial supports which would be necessary in order to remove 
the whole of the deposit with safety. It is likewise adopted in 
certain cases for the purpose of preventing damage to the surface 
by subsidence, or an inroad of the sea when the workings are 
submarine. 

The method can be best understood by characteristic examples 
which show how certain beds of gypsum and salt, and many 
mineral veins, are being worked. 
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Figs. 147 and 148 repre.seiit in section' and in plan the 
chambers and pillars of the underground workings for gypsum at 
Paris, which supply the stone from which the well known plaster 
is made. Tim* principal bed is from 50 to 60 ft. in thickness. 
Pillars are left 10 ft. square at the base, and the stalls betw^een 
them are 16 ft. wide. Tbc workings arc slightly arched, and 
are not ^Ciirried up to the true roof, for the purpose of hotter 
maintaining the security of the cliambors, because heavy danlagos 
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Figs. M7 and 148. — Underground 
workings for gyj)suin, Paris. 

would have to be paid if they ‘caved in' and rendered the 
surface useless: A similar layer of gypsum left for the floor 
prevents ‘ creep ’—tlmt is to say, a rising of the floor owing to 
the thrust of the pillars — and enables the underground roads to 
be kept in order with little expense. 

The salt mines of Cheshire are an excellent example of pillar 
and chamber working. The bed 
is 84 ft. thick, but only the 
bottom ]>art, 15 to 18 ft. thick, 
is mined. Pillars 10 yards 
S(puire are left promiscimusly 
about 25 yards apart, or closer 
if thought desirable in any 
special places. Fig. 149 repre- 
sents part of Marston Hall mine 
near Northwieh. Tbc bed is 
almost horizontal, and is reached 
by two perpendicular shafts ; wide stalls are then driven out 
on all sides. The workings are advanced by making an exca- 
vation in the upper part called the ‘roofing’ (a, fig. 150); and 
the lower two-thirds of the thickness worked are got by blasting 



Fig. 150. — Vertical swetiou, Marston 
Hall salt mine, Chcshiie. 





EXPLOITATION. 


137 


sLinting holes. Tiiib is called the * benching.* The roofing is 
made by ‘holing’ or under-cutting by hand, or better, by a 
circular saw driven by compressed air; when once undercut, it 
is easy to bring down the salt by horizontal hales bored with a 
jumper and charged with gunpowder. 

We now oome to the case of many mineral veins. The first 
attack is often made by an exploratory pit sunk along the*dip for 
20 or *30 fathoms, and if the indications found in driving out 
levels warrant further prosecution of the mine, a perpendicular 
working shaft is put down to intersect the lode at a depth of 100 
fathoms or more from the surface. Cross-cuts are then driven out 
at intervals of^ 10, 15, or 20 fathoms to reacli the lode as shown in 
fig. 151, which represents a 
vertical section at right angles 
to the line of strike. Sometimes 
the main shafts are carried down 
all the way along the dip of the 
vein, thouglt perpendicularshafts 
have the advantage of being 
better suited for quick winding 
and cheap pumping, to say 
nothing of the rapid ascent and 
descent of the miners in cages. 

Whatever kind of shaft is 
adopted, levels are driven ont 
along the strike of the lode, as 
shown in the hmgitudinal section 
(fig. 152), in the ho])e of meeting 
with valuable ore-bodies such as 
are represented by the stij)pled 
portions of the figure. For the 
purposes of ventilation, and still 



Fia. 151 — (’roHs section showing tlie 
common method of working 
mineral vein. 


furthur exploring the ground and working it, intermediate shafts, 
called ‘ winzes ’ (Cornwall) arc sunk in the lode from one hivol 
to the other. In some cases the communicating passage is 
excavated upwards, or, in other w^rds, the ‘ miner puts up a 
rise.’ When conimunicatiou is complete, there is no difterence 
between a rise * and a winze. 

On looking at the longitudinal section (fig. 152), which may 
be regarded as representing a common state of things, it will at 
once be remarked that only certain parts of a vein are valuable. 
When dealing with a bed or seam, we constantly find that the 
whole area covered by it can be worked away profitably. With 
* Jiaiiie or upraise, U.lS.A. 
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a lode this is an exception, and therefore" the problem of ex- 
ploitation is not the same in the two cases. The vein miner has 
to remove 'portions of a sheet-like deposit usually dipping at 
a higli angle, and the bed miner has to excavate the whole of a 
siieetdike deposit lying frequently horizontal ; but in any case, 
until the vein has b('en explored, it is impossible to predict how 
much (ff it can be removed with profit. 

Tlie poor jjarts shown in fig. 152, ‘arches of ground’ a5 they 
arc called, are often frequent enough and large enough to provide 
an ample supply of buttresses for preventing the collapse of the 
- sides, and the method of working is one of irregular pillars and 
irregular cavities. 



Fjo. 152.— Lonoitndinal Bection .showing the common method of woiking a 
mineial vein. Tlie stippling represents the vahuihle parts of the veiii • 
which have been worked away. 

The two sets of passages, i.e, levels and winzes, cut out the' 
vein into a series of blocks, making the longitudinal section of the 
workings more or less closely resemble the jplon of a mine on the 
post and stall system. There is, however, less regularity in the 
blocks, because the vein miner tries to locate his winzes as far as 
possible in profitable parts of the lode, and may often have to 
drive a long distance through valueless ground before arriving at 
desirable points for sinking to the level below. 

We now come to the working away of the blocks ; there arc 
two typical methods, working. downwards and working upwards. 
The former is called ‘underhand stoping,’ the latter ‘overhand 
stopiug. ’ The word ‘stope,^ which has no connection whatever 
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with the Scotch ‘scoop/ is equivalent to ‘step/ and the term 
’stoping’ means working away any deposit in a scries of steps. 
Underhand or ‘bottom stopes’ are workings arranged like the 
steps of a staircase seen from above, whilst overhand or ‘back 
stopes ’ are like similar steps seen from underneath. Doth 
methods have their advantages and disadvantages, and both are 
largely used. • 

Underhand stoping is the older method. In the old days the 



Fios. 153 and 154.— Underhand stopes. 


miner began in the floor of the level (fig. 153) and sank down a 
few feet, removing the part 1 ; he followed with 2, 3, 4, etc., until 
the excavation finally presented the appearance show in fig. 154. 
Any valueless rock or mineral was deposited ui)on platforms of 
timber (stidls), and the ore w'as drawn up into the level by a 
windlass. One great disadvantage of this method was the cost of 
winding up the ore and water by 
hand labour. 

A more economical method 
of working by underhand stopes 
consists in starting from the two 
upper ends of a winze separating 
two blocks, and the lode is re- 
moved in a succession of steps, 
the workings assuming the ap- 
pearance exhibited in fig. 155. 

The steps are generally made 
steep, so that the ore may readily 
roll down into the winze, and so that the boreholes may do better 
execution ; but these steep stopes are dangerous if a man happens 
to slip and fall. The huge open chasms left by the removal 
of a wide lode in this way are also a danger, for there is always 
a risk of falls of rock, and from places which cannot easily 
be examined. 


////////////////// 
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Fig. 155.— Underh-nnd stopes, 
starting from a winze. 
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Overhand sloping is precisely the reverse oi- that whicli has been 
described ; tlic work is commenced from a rise (fig, 15G, A), or 
better, from tAvo ends of a winze (fig, 166, B). As soon as the men 
have excavated a sufficient height of the level, they put in strong 
jiieces ot timber from Avail to Avail (afemidcs, siull-picreit)^ cover 
these cross-pieces with boards or poles, and throw down the 
rubbisl^ upon the platform Imnning) thus formed. 

As they work upwards it may happen that there is not enough 
rubbish to fill the excavation entirely, and in this case they stand 
upon temporary stages or platforms (fig. 157). 

The advantages of overhand stoping arc these : — The miner is 
assisted by gravity in his work, no ore or rock has to be drawn up 
by hand labour, and less timber is required. On the other hand, 
he is always menaced by falls of the roof of his working place ; 
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Fig. 156.— Ovei hand stopes. 
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Fig. 157.- Ovrrkaial stojies 
with j)latf()rmB. 


but, as he is close by, he can constantly test the solidity of the 
roof and sides by sounding them Avith his sledge. * A last 
disadvantage of overhand as compared with underhand stopes is 
the chance of valuable particles of ore being lost in the rubbish ; 
however, this loss can be prevented by laying down planks or 
sheets of iron while the lode is being broken down. 

When a seam is highly inclined, the system of working is often 
identical with that pursued in* the case of a mineral vein, ^’hus 
in the Transvaal* the beds of gold-bivaring conglomerate are cut 
up into blocks by horizontal levels and by small intermediate 
shafts following the dip. Kach rectangle is about 120 ft. long 
ami 120 ft. high, and it is worked away by the process of 
‘overhand stoping’ (tig. 158). 

* “The WitAvaterM-and Gold Field,” Trans, Inst, Eng. and AA/'p- 

hvilthrs in Scotland, vol. xxxviii., lo94, p, 49. 
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If a vein iw very wid(i, and at the same tinui hard and strong, 
ami if the siif)p]ics discovered far exceed the demands of the 
immediate future, the miner may sometimes adopt a pillar and 
cliamber nuHliod^ leaving the pillars as a reserve fimd^or legacy 
to his successors. 

A system of this sort was devised for the huge deposit 
of pyptes at lUo Tinto, the arrangement that was pro- 
posed being illustrated by figs, 151), 160 and IGl. The de- 
compositioi» of the pyrites and the heating resulting from 



Fig, 1 59. — Pillar and clmrabor work, 
vertical section, Rio Tinto. 


Fig, 161. — Plan of final pillars, 
Rio Tinto. 


it, as the ore crushed and fell, led to constant dangers 
from fire, and the method of , working never readied its ultimate 
shiges. 

A system of sloping and filling with waste rock was 
introduced in 1901. The lodes were divided into 15-inetro 
wide vertical sections, and the stopes taken in horizon hil 
slices across the lode. As the ore is removed the sjiace is 
carefully filled, by hand, with gozzan or porphyry, the inter- 
stices being filled wdth fines, and the whole wetted to form 
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a compact mass. Txvels and passes are protocttn] tliroiigb 
the filling. Alternate sections are stopod first, and later the 
intermediate pillars are extracted in the same way. 

(f)) Sabddmre oj Hoof^ (yr Ca^img* MH/iod . — It is far more 
satisfactory from an economic point of view to leave as little of a 
dejK)sit as jxssihlc ; a larger output is obtained from a given 
working area if everything is removed, and it seems a pitygiifter a 
mineral deposit has been discovered, and after all the dead work 
of sinking shafts and driving levels has been aceoinj)lished, to 
allow any of the valuable material, the very object of the mining, 
to be left behind. It is by this method that much coal and much 
iron ore are obtained in this and other countries, and tlie 
Kimberley diamond mines afford another important illustration of 
the system. 

This system is capable of many sub-divisions according to the 
nature and thickness of the de])osit worked; these sub divisions 
arc set forth in the table below: — 

Dejiosits of J (a) Temporary pillars, 
medium thickness. | (P) bong wall. 

j (y) Network of tnnnels and general ‘caving.’ 

Thick dc[)osits. (8) Slices jiarallel to the dip. 

( (c) Slices parallel to the strike. 

(a) Temporary PWan^.—lw the early days of coal -Tnining 
the workers endeavoured to remove as much as possible of 
dhe mineral in one operation ; here and there they left some 
'Coal to support the roof, but the supporting blocks were com- 
paratively small, anfl as they were surrounded by lai'ge open 
spaces, they could bo fairly compared to the columns of a 
crypt. The names given to tbem— ‘pillar,’ ‘post,’ and ‘stoop’ 
(a iScoteh equivalent of ‘staff’) — were then thoroughly exj>ressive. 
The workings were gradually extended, and eventually reached 
the boundaries of the. property. Before finally abandoning 
the undertaking, the owner cut away what coal he could from 
the pillars, but ho found that the small jallars, after having 
been subjected to heavy roof, pressure for a few years, were 
generally greatly crushed and yielded little valuable coal; 
and a further disadvantage of this method was the trouble- 
some ‘creep’ or rising of the floor, and the ‘thrust’ or sinking 
of the roof, which necessitated constant repairs of the roadways. 
The mine-owners set to work to remedy these evils by increasing 
»thc size of the supporting blocks and diminishing the width of 
the intervening spaces. TBe ‘post and stall’ system has thus 
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totally changed, and nowadays the amount* of mineral ohUincd 
in the first stage is usually small compared with the main harvest 
from ‘ robbing ’ the pillars. The terms ‘ pillar,’ ‘ post,’ and ‘ stoop ’ 
arc no longer pn^per similes, though comiiK'nly retained. 

The ]ilan of a mine worked hy the pillar and stall system 
of the jiresent day shows a number of rectangular Idocks often 
40 yaj'ds long by 30 yards wide, separated by drivages alxait 
4 yards wide, as shown in fig. IfiU. • 

AVhen the bed has been carved out into blocks in this way, 
the work of removing the pillars commences. As a rule, the 
attack begins on the pillars situated near the boundary, so 
that whilst the first carving out proceeds towards the boundary, 
the remov/d goes on in the opposite direction — viz., towards 
the shaft. A place or drift ah is worked across the pillar for 

a width of 2 to 4 yards, 
and then, starting from the 

drift a by tiio rectangle he- 

yond it is removed by driv- 
ages called ‘ lifts,’ sometimes 
— . two in number, sometimes 

three, as shown in figure, 
and marked j, 2, and 3. 

jnfiY necessary in some 

cases to leave a little of the 
pillar, in order to keep out 
rm the fallen rubl|j^h beyond 

and to prevent a too sudden 
fall of roof. According to 
woj kings. circumstances, it may bo a 

corner of a pillar that is 
left, or a narrow strip on one side. The working place ]s 
timbered during the removal of the mineral, and when all 
has been taken out, the timlier is withdrawn and the roof 
allowed to fall in. While the lifts 1, 2, and 3 are being 
Worked away, another place rd is being driven across fbe 
pillar, which is preparation for another set of lifts 4, 5, and 6 ; 
lastly, lifts 7, 8, and 9 arc worked away, with the exception of 
occasional small corners or strips, the removal of the pillar is 
complete, and its place is taken by fallen rubbish, 

(4) LoHijVKill Method . — In the typical longwall method there 
is no preliminary carving out into blocks; the mineral is 
removed in one oi)cration by the aid of long working faces 
or ‘ w'alls,’ wdience the name given to the system. 

After the main roads have been driven out from the two . 
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shafts, aud a shaft pillar left to protect them, the workin;^ 
faces may assume uio general appearance shown in fig. 16 ."}. 
Here A P> is a main road connecting the long working face 
CD with the shaft; the various parts of the face Cl) are 
served by the roads ahy c,d^ ef\ etc., which Jead into oblique 
roads and so into AB. When the roads ah^ erf, ej\ etc., be- 
come too long, a new oblique road is started and portions 
of the old roads are abandoned, as shown f)y the dotted lincs. 
As wdrk [)roceeds the face \yill take the positions shown by the 


c- 

C - D' 


C - /)' 



Fig. — Diagram explaining the ‘ Loiigwall ’ systriu of working. 


dotted lines C'D', then C"D" etc. The roof adjacent to the 
working face is duly timbered, and as the face is gradually wa)rkcd 
away the hinder props are withd’-avvn and tlie roof allowed 
to fall ; the roadways are maiutiiined by building up pack 
walls at the sides. A w'orkiiig face such as C D may be half 
a mile in length or more. The advantages of this system are 
numerous -viz., simplicity, easier ventilation, economy — for the 
weight upon the face relieves the labour of getting, and more 
large coal is obtained. A decided disadvantage is tliat between 
-the working face and the shaft there is the goaf, which may be 

10 
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dangerous oitlier as a iiolder of firedamp or as a source of under- 
ground ; tljese sometimes arise spontaneously in a little coal 
left behind, and may cut oil the retreat of the men to the shaft. 
Lastly, the expense of keeping up the roads in the exhausted area 
is ofit'n considerable. 

Occasionally, instead of beginning near the shaft and making 
the woi'king faces recode from it, the mine-owner waits before 
attacking the^ coal until he has driven out to his boundary, 
lie then arranges his working faces so tliat they are continually 
approaching the shaft, and thus leaves the dangerous goaf be- 
hind him. The roads are in the solid eoal and where they 
are more easily ke])t up than in the goaf, and the men at all 
times have a safe access to the shaft. 

(y) 'Hiirli Net work of TunneJs awl General ‘ Cavingf — 

d'his is a system of working which has been apjdicd in the case 
of the thick beds of suljihur-hoaring limestone in Sicily. The 
bed must bo divided in imagination into a series of thick slices, 
horizontal if the di}) of thick seam is groat, parallel to the 
dip if the inermation is moderate. In each shoe a series of 
drivings and cross drivings is made by which a large quantity 
of mineral is extracted. The intervening ])il)ars are then cut 
away and weakened, and finally a few shots are bred so as to 
bring some of them down completely. This causes a general 
collapse. New tunnels arc driven into the mass of broken up 
rock, of which large ipiantitics (^aii he recovered ; hut the process 
is often inadvisable, the friction generated by masses of rocks 
crushing against eacli other frequently produces heat enough 
to ignite tlie sulphur; and underground fires started in this 
manner have often lasted for years. 

(8) Thirk })r posit. •!, Slices Parallel to the />fp,~This method is 
occasionally adopted in thick seams if the dip is not considcrahle. 
It is very easily understood, if one sup})oses the big seam to he 
sub-divided into a series of two or more slices parallel to the dip, 
each of wliich is worked like a separate seam. Working the 
uppermost slice lets down the roof, and wdien the next slice 
comes to he worked, its roof is constituted by the fallen stuff 
already consolidated into a coherent mass by tlic superincumbent 
pressure. Whore the thick seam is naturally suh-divklcd into 
several portions by marked partings of waste rock, the adoption 
of this method is facilitated. 

(c) Thick Deposits, Horizontal Slices. — In dealing with a mass 
or with a thick bed dipping at a high angle, the method of 
working by horizontal slices is common. The slices are removed 
in descending order. 
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A good 'h afforded by De Boers diamond mine, where 

a mass of diamond bearing rock occurs as a huge column, with 
an irregular oval section (fig. 9). It was worked for many 
years as an open quarry, but falls of the ^surrounding rocks 
(‘reef’) caused so much trouble, as the huge pit increased in 
depth, that underground mining had to be adopted. 

The system consists in excavating chambers, and they letting 
rubl^ish from the open pit run in and fill them up. The details 
of this method will be plain from consulting the figures. The 





deposit is reached by an inclined shaft sunk in the surrounding 
rocks, and main levels arc driven at successive horizons which 
are from 90 to 120 ft. apart vertically. Fig, 164 shows the 
main drivages at the 800-ft. level ; there are two princijial drivages, 
parallel to each other and following the direction of the axis of the 
rough oval, and from them cross tunnels are put out at intervals 
of 36 ft., and extend to the limit of the ‘ blue,’ or, when directed 
towards each other, till they meet. Another set of levels is 
driven at a depth of 30 ft. below the main tunnels, and a third 
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8ct at a fnrtlior dcptli of 30 ft. The block of ground between two 
main lioriz('ns tlius l)econios di\ided up into a scries of liori/ontal 
slices 30 fi. Duck, each *>f which is cut up by a network of 
tunings 3h ft. apii^;t extending' to the siirronnding rocks. When 
this rock is reaclH'd, the tunnels' are widt'iicd out till tw'o adjacent 
working-places iiicet, as shown on the jilan (tig. 164). The next 
process ts to me-, or work upwairds, until the ‘blue’ is traversed 
and the waste fallen na-.k above it is met with. This is allowed 
to run in and form a hcaj>, n])on which the worknuai stand in 
order to blast down the remaining part of the slice of ‘ blue.’ 

As this is taken away, 
the waste ro(ik (retd) 
follow's. Tig. 1 Ch shows 
also that the workings 
in an iifij'ier slice are 
alw’ay s further advanced 
than thosi in a lower 
one, thily the main 
levels are jirovided with 
regulai tramways. The 
‘ blue ’ got on the inter- 
mediate levels is thrown 
down shoots, ami so 
hnds its wa}" to the 
main level, whence it 
can be lunstcd to the 
surface. 

(c) FillwgAip Mclhoih, 

Fic. ItlTr. — VoitiL'al .seeDoiM'f }t!ut of l)e 

Hia-rs diamoiiil tainr, l*i this caso the 

mineral is removed com- 
pletely, and its place is taken by a lilling of waste material. 
With thin seams or thin mineral veins it is frequently necessary 
to excavate a great deal of useless rock above or below tbo 
seam, or at the side of tbc vein, in (»rder to have s[iace enough 
for the body of the w'orkman! Thus at Mansfeid, for mstanee, 
the workable part of the cop])er shale scam is only about 3 
or 5 in. thick. Krom 15 to '20 in. of roof are blasted down 
in addition in order to make room, and all the waste so pro- 
duced is packed or ‘ stowed ’ in the excavations and fdls them 
up. The seam is removed on the longwall system (fig. 166). 

Many seams have javrtings of w^asto, and many mineral veins 
havo barren or ])Oor parts which can be picked out, and all this 
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rul)])ish stn’ves to till the vacant sj>aces more or less completely ; 
and in other cases it is considered desirable, for the purpose of 
safety and for jireventing irrei^idar .su)»sideiice, to pack the 
excavation entirely full of rubbish obtained froib elsewhere. 

J he, \an mine, Moiitgomerx hhire, at one time the premier lead 
mine of the kin;udom, afTords an (‘xcolleiit example of a wide vein 
Avorked by the tillinji: uj) method. 1'he vein was often ‘10*ft, wid<^, 
and it would liavo been impossible to leavm large o})en sjiaoes with 
safety, bt'cause the hanging wall Avould most ccadainly have f.illen 
away from a elay vein {jUican^ J3, fig. 167). ddu’ vein was divided 



Kio. 1(1(5. — Plan of lorif^wall woikiugs, l^lausfeld cojiiaT mines. 

A 15 ivprcseiits a main tiiniiol or lev'd diiveu along tlir strike of the .scam, 
whicli IS dipping ut an angle o( about 5“ or 6' ; C 1> is the ne.vt lunncl 
below it ; E E E the working face, a tnm ‘ long wall,’ foi it is from (5(10 
to 800 yanls in length ; E' F' and E''' E" rcprostnl lutnn* posilifijis 
of tlie w'oiking face; a, b, c, d, r, /are subsidiary roads luinntaincd in 
the ‘goaf’ or exhaustcil aica Avhich is stowed witli rubbish. 


into zones 90 ft. high, and eaeh zone aars remox'ed by horizontal 
slices of about 0 ft. high. 1'ho zones Avero taken in descending 
order, the slices in ascending order, and as the ore AAas excavated, 
its pla(;c wois almost immediately taken by waste, jiartly obtained 
from drivages in barren ground, aiul partly quarried specially 
at tlic surface aud drojipcd down shoots. 

Fig, 167 represents the state of things when about one half 
of a zone bad been worked {^Avay. A and N are two crosscuts 
90 ft. a]jart, driven through the mit Jiuran E and the ])oor or 
‘bastard lode’ C, into the regular lode E. IIH arc main levels 
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aloiii" the strike of the lode. D represents a part of the vein whence 
tlie ore iius l>eon removed, the excavation beinji filled up with 

waste material, \ is a shoot 
01 * ‘ pass ’ for throwing down 
the waste ; K is a similar 
shoot for receiving the ore 
and conveying it into^ the 
level below. 

Thick coal scams dipping 
at angles exceeding 45° or 50“ 
are sometimes worked in a 
very similar manner. 

Tarts of one of the big 
veins of cupreous pyrites at 
Tliarsis* have the excavating 
and filling processes carried 
out somewhat ditlerently, but 
always with the same (hject 
in view, viz., com})lete re- 
moval of the mineral and 
avoidance of dangerously large open spaces. The vein is 5li ft. 
wide in plnces as shown hy lig. UiS. It is suh-dividcd into 
horizontal hands or zones 53 ft. tln(dv, and each hand or zone is 
reinovcd crosswi.se, first hy a vertical slice 10 ft. wide and then 
hy parallel vertical slice's TJ ft. wide. As the first slice is 
‘sto[>ed’ away from below upwards, two walls {lig. 1C«^) are 



Fio. 168. — Fkm sliowiiig method of cxli action of oic, followed by complete 
lillnig up with w’aste material, Tbarsis mine, Siiain. 


built up with rough stones and the interspace filled with rubbish ; 
eventually the vertical slice of lode is replaced by waste lield 
between two walls ; when the adjoining slice is taken away, only 
one wall is required to keep up the waste. 

Large excavations in the anthracite mines of Pennsylvania and 
the coal mines of Silesia are now being economically and 

* Courtney, “Mining and Treatment of Copper Ore at Thai sis, Spain,” 
Vroc. Jnsl, C.E., vol, exxv., 1896, p. 126. 



Fl !. 167.” Working a wide lode l>y 
the tilling-uj) meilud Van mino, 
Moutgomeiyshire. 
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successfully packed by a wjiter-fiush system. Fine waste from 
the waslierieSj or granulated blast-furnace slag, is carried down 



!iii l 170. -Vcrti'Ml siHjtion diowitii; iiiotlutd af .stopini' uml filling 
up, Thai his luiiH', Spain. 

into the mine by a current of water in and alloM'ed t<j 

settle. The elia,m]K‘r.s are tfuis eompletidy tilled u}) and tlie 
intervening [ullars ‘.‘an then l»e remo\ed with safety. 



CHAPTER VIL 

HAIJLAaE. 

Tiiji mineral broken down in tlio working place must, be brought 
to the surface. In a typical mine the tronsport is performed in 
two <»perations: the mineral is first conveyed along more or less 
horizontal road to a shaft, and is then lifted up this sliaft into 
daylight. The former kind of transport is often called ‘haulage.,’ 
and the latter ‘hoisting’ or ‘winding’; but there is no strict line 
of demarcation between the two processes, unless the term 
‘ winding ’ is restricted to raising mineral iu a vertical pit. This, 
however, is a purely coal-niincr’s view of tlie (jucstion ; and as the 
ore minor uses tlio word ‘shaft’ hotli for inclined as well as vertical 
pits, the practice of colliery engineers cannot be followed in a book 
upon general mining. It is convenient in dealing with haulage 1o 
include transport on the surface, because the plant and appliances 
are often identical with those employed below ground. 

One form of transport, the railway, stands out as pre-eminently 
important, though not to the exclusion under certain conditions of 
other methods. The subject will therefore be considered under 
the folkiwing headings : — 

(1) Methods not hwolving the Use of Raih, 

Oarriage by persons. Wheelbarrows. 

Shoot and lauialers. Pack animals. 

Conveyors. Carts. 

Pipes. Boats. 

Sledges. 

(2) RailiratjB. 

Plant. 

Power. 

(3) Aerial Ropenmjs. 

(4) Loading and Unloading Ships. 
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(1) Methods not Involving the Use of Bails. 

Carnage by — The simplest and no doubt the oldest 

method (jf transport is carriai^e by persons. Whore it is Ihe 
custom of the country to carry jjioods of all kinds on the In^ad or 
on tlui back, it is not unnatural to lind this method of transport 
adopt.(M for mineral. Thus, women are cmployojJ in India to 
carry coal in baskets from the working places t,o the nearest 
tramroad ; boys carry sLil[ihur rock in Sicily, men and boys carry 
slate in Germany and France, and tranK])ort of tliis kind may 
further be seen in Continental Italy, Spain, jMcxie-o, ChiuM, and 
Japan, and even at borne in the Fortist of Dean, d'ho work is 
not emilinod to horizontal roads, for the mineral is sometimes coii- 
vi'ved u]^ f^teep steps or even ladders in this fasliion. 

Shooh U.S. A.). — These are passages or troughs for 

coin eying luiiicral downwards hy the mere action of gravity ; this 
is often the clieapest and easiest waiy of conveying mineral sliort 
distances from the working place to a proper roadway. When a 
miiKTal Y('iii is being stope<i away ovt-rband, a space like a 
chimiu'V is reserved in the rubbish hy Imilding t\. wall of stone or 
]mtting in a timher Uning, and the mineral is drojiped down this 
‘pass,’ ‘mill,’ or ‘chute* to the level ladow (bg. 1C7). If a 
jirofier door is })rov!ded at the hoUom, the waggons can ho loaded 
chea[)ly and expeditiously. 

The use of shoots is n(>t confiTicd to underground workings ; 
tiiey arc ernjiloyed on the surface in hilly districts, and indeed it 
has sometimes been worth wliilc sinking a shaft in a mountainous 
coiiiitry for the sole purpose of dnitiping ore down it and so saving 
the experisi; of the diflicult conve\ance along precipihms jiaths. 
Fig. 171 represents an ore shoot on a steep hank; it is simply 
a sloping wooden trough. 

Conveyors . — The term conveyor is ap])lied to a number of 
appliances, which, while tending to the same end, perform their 
wairk ill very different ways. 

The ‘screw conveyor’ is an Arejiimcdean or a skeleton screw 
working in a trough and j^ushing along its contents. A second 
form is the trough conveyor, in which the mineral is scraped along 
by a series of discs attached to an endless rope or chain. Mineral 
is often conveyed hy endless belts, and a recent form, the Robins 
(jonveyor, has met with a largo amount of success. As showm by 
figs. 172 aud 173, it is an india-rubber belt running upon 
rollers. By suitably arranging the rollers or idler pulleys at the 
* Brewer, “ Texada Island,” Eng, ami Min. Jour.,, vol. Ixxii., 1901, p, 665. 
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sides, the belt is bout into the form of a trouj^h — indeed, it becomes 
a travellin<>: Irou^di. The lower lialf of tlio belt runs upon flat 
rollers, as the carved sh!i]ie is no longer re(juired (see also tig, 7f>), 
Tile Kreis Conv^'YOr is a trough, supported by sfn’in.ns, which 
has a, reci]m)catbig motion imi)arte(l to it by means of a crank. 

Pi pen. — Th(' jiipe is availal»le where liquid or gaseous minerals 
have trt be conveyed ; liut it is of more use on the surface than 
uikIci ground. Urine is taken h»ng distances in w'ooden or iron 
pil)es, and there are thousands of miles «)f pipes, especaaliy in the 



Pig. I71.““0re blioot, Toxada Island, B.O. 


United States, for conveying ^petrole urn and natural ga,s. The 
Jong [letroleum pijre lines are dividx'd into sections, a.nd ea.ch 
section is provided with a pump wdiieli forces the liquid through 
the pipe whicdi lii's upon the undulating surface of the country. 

iSledye.'f . — Hand slcdge.s, or sleds, enable lieavy loads to bo 
carried, but the road must slope downwards; tdiey are litth' 
employed underground. Their use survives in mountainous 
districts I'd’ transport down slofjing jraths; their great disad- 
vantage is tlic toil of carrying the sledge hack uphill. Sledges 
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drawn by horMes have been employed even in recent years in 
North M ales for the conveyance of miuigancsc ore. 



Fig. 17 2.— Kohl ns Belt Conveyor, used also ns a i>icku)g table, War Ka';le 
mine, Rosaland, B.C. 



Fig. ]73. — Robins Belt Conxayor, U'^cd also .as a })ieking table, North TTill 
iron and zinc mine, Fraiiklin, N. J. 


Wheeiharroics , — Wheelbarrows are made of wood or steel, with 
a wooden or a steel wheel ; they are tipped sideways, or over the 
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cud. The wlicclbarrow is often propelled along the natural floor 
of the working place or Ie\el; a proper road made of planks or 
siieet iron lessen.s the labour considerably. 

Pa<:li Aniinafs. — Horses, mules, jjonies, donkeys, or camels 
laden with sacks of mineral are a common sight in various parts 
of the world whore cart roads liavc not yet been constructed. 

Caft^.— Aw the low passages only 18 in. high betwepn the 
working faces and the main ro.a<ls at the j\tansfeld mines, tiny 
waggons, with four wlu'els running u])on the natural, floor, are 



Fio 171 —liiillock (art conveying stone from a quarry, Karachi, India. 
Ttie load is lastrued on by ropes. 


employed for the transport of the copper ore. Idiey are drawm 
by boys. 

darts drawn by hoi'.ses arc used in some underground quarries. 

Above ground the cart bas*been a common metliod of transport 
for all kinds of niinera.1 from time immemorial; it is drawn by all 
sorts of draught animals. 

BoaU . — Conveyanee by boats underground is very exceptional. 
In this country there is an adit level at the Tankerville and Bog 
mines in Shropsliire, which is known as the ‘boat level,’ because 
lead ore was foriiu'rly carrieil in boats to its mouth, a distance in 
some places (d IJ mile. This level now^ serves merely as a 
drainage tunnel. 
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At the Dorothea mine, near Clansthal, in the ITartz, there is a 
level more tlian 400 yards bch)\v tlie surface, aloiij^ which there was 
at one time a hir^c amount of tralhc by boats, eacli of which 
carried about five or six tons, 

(2) Railways. 

Th(‘, points to be considered are: (a) Uie plant, incluo.n'-;;’ rails, 
wag;jC<nis, jioints, turnhibles, etc. ; and (A) the means of propulsion. 

(a) riaid. - N’arimis forms of rails arc in use. The simplest 
is a bar of iron set on its ed.Lre, or a strip of flat ir(»n naihid to the 
lon^dtudinal sleepers. Hails of the former kind are made, for 
instance, of bars | by 2^ m., or ij by 2] in., fixt'd by wooden 
wedges in slits cut in the sh i'pers. 'I'his rail has the disadvantage 
of wearing a groove in the flange of the wheel, but it is easily and 
quickly laid and readily bent into curves. Hails made of bars ol 
round iron are used in sonic Welsh slate (]uarries. 

The bridge rail was in fa\o\ir at one time, litlier laid n])on 
longitudinal or cross slei'pcrs ; but nowa<lays flanged beaded 
rails made of steed are preferred. Care should bo taken to have 
strong and well-laid lines, especially where there is likely to he 
miieh traffic. In this, as in ni.any other departments of mining, 
it IS very bad economy to cut down the expenses too much. 
What is saved on the first cost 
by })ntting in light rads will bo 
spent over and over again in 
repairs, to say nothing of the 
loss of time and money caused 
by dtdays in the traffic. 

d'he gauge varies from 14 in. 
to 3 ft. or more ; 20 in. to 22 
in. is a common gauge in vein 
milling. The weight of the rails 
for such roads is from 10 to 30 
lbs. per yard. Figs. 175 and 
176 show the sections adopted 
respectively by Legi'aiid of 
Mons, and Hoivard of Bedford, for rails weighing 18 lbs. per 
yard. The rails may be simply spiked to wooden sleepers, or 
they may be laid in chairs. In important roads fishplates should 
be used. 

Steel sleepers have proved to fie very convenient and efficient, 
and in this country they arc pfteii cheaper in the end than wood. 
Among their advantages arc exact uniformity of gauge, easy and 



Fi(is, 17r» and 176. — Siiftions 
of stool rails. 
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rapid laying, fcwor repairs. They are usually made of rolled steel, 
and the rails are lixed either by clips, or by cli[)s and keys. 

INjints and crossinj^s must bo provided. The points may be 
like tliose of an ordinary railway, with tongues moved by levers. 
Anotlier jdan is*to leave gaps between the rails where the lines 
divcrg(! or cross, and interpose })lates of cast iron upon which the 
flanges of the wheels run without any difficulty. This arrange- 
ment is suitable for cases where a man is pushing the waggon, 
for he <-an turn it on to whichever road he chooses, but ‘it will 
not answer in the case of haulage by engine power. Kacb plate 
has a rim or edge on the outer side, which prevents the wheels 
from runuiug off. 

Flat plates, or ‘flat sheets,' as they iire often called, are 
commonly used wliere tlicre is a very sharp bend in the road, 
such as wIh'u a cruss-ciit joins a level almost, if not (|uite, at riglit 
angles. The plate is made of wrought iron or cast iron with 
ridges forming prolongations -of the 
rails, as shown in lig, 177. The 
waggon leaves the metals and the 
flanges of the wheels run upon the 
plate ; as its surface is perfectly 
smooth, the waggon is easily turned 
into the required direction, and the 
curved ridges guide the wheels into 
the track which they have to follow. 

Tlic iuclination of the road is not 
without importance, because there 
Fig. J 77.— Flat plate. are usually waggons travelling in 

both directions : full ones going to- 
wards the shaft or other outlet from the mine, and empty ones 
returning to the working jdaces. The inclination downwards 
towards the shaft assists the work, but if it is too great the return 
journey causes a useless expenditure of labour. 

Tnclmatjons varying from J to J in. per yard, or 1 in 288 to 
1 in 141, arc common. 

The condition of the road between the rnetalfe deserves more 
attention than is usually bestenved upon it. 

The waggons (trains, tubs, hufehm, bogies) are made of wood, 
iron or steel. They consist of a body or box resting on a frame 
carried by four wlieels. They vary greatly in shape and size 
according to the nature of the excavation and the kind of material 
transported. In some localities, where the conditions vary but 
slightly, waggons of standard shapes and sizes might be adopted 
with profit. 
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Tn some mines the rninei'al is loaded in the level into an iron 
bucket. (Idhhh) stu. .dog upon a trolb'y, wliich is merely a small 
platform iijam four wheels. This trolley is [)ushed {irammrd) to 
the shaft; the full kihble is hooked on to the winding rope and 
drawn up, whilst a.n empty kibble is placed upop the trolley and 
trammed along the level to the spot where it is again loaded from 
a shoot or by a shovel. 

AVheels for mine waggons generally have a single fl* lure, and 
are iiTado of ordiir.ir}^ cast iron, chilled cajst iron, cast steel, or 
forged steel. Steel and chilled cast iron are the materials most in 
favour ; both have adv.autages. The wheels made of chilled cast 
iron arc rat her heavier than those of steel, and are brittle; the 
flange, foi- instance, will break under a blow which wdll not damage 
a steel wheel ; but a pair of chilled wheels wull often outwear 
several pairs of steel wheels, if they happen to escape the hard 
raps to wliich mine waggons are liable 



Fic,'. 178 and 179.— Side tdevation and end elevation ol n couniion fenn of 
iniuo waggon. 

Aluch difference of opinion and practice exists concerning the 
attachment of the wheels. Four systems are in vogue; axles 
lived aud wlioels running loose upon them; wdiccls fixed to the 
axles, which run louse in pedestals attached to the frame or to 
the Ijody of the waggon ; thirdly, \ combination of these two 
systems, viz., wheels rnnning loose on the axles and axles running 
loose in the pedestals; fourthly, one wheel fast on the axle, and 
the other loi^se. 

The following points should be considered in designing a mine 
waggon ; — 

Smallest weight compatible with strength. 

Small height, if the waggon is to be filled with the shovel. 

Protection of the wdjcels from injury. 

Constant lubrication. 

Adoption of a uniform type of waggon for the mine, or if possible 
for the district. 
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Material wljicb causoK the least cx{»eiiditiire for repairs. 

Ka;^y handlinp; and easv replacement on llil> rails 

A form whicdi will not tend to produce dust. 

In a few exccjdional cases tlic mineral raised in ihe mine 
does not retpiire^a box or chesl. 1’his happens with slate, for 
the blocks are hrought oj) on truck.s to wdiich they arc juadc last 
by cliains. 

(/j) j^ddufiof /b•op7^^do?7.— The jiower for moving mine waggons 
is obtained from one of the following sources: — * 

a Men, boys, women and tdrls. 

Ilonses, ponies, dtmkeys, and mules. 

y Gravity. 

S Mechanical power; 

Travelling engine. 

Stationary engine. 

a hVmale laboin underground is })rohii)ited by law in l)ie 
United Kingdom, and no doubt it is destined to disappt>ar in 
most other countries. Wo need deal otdy witli nicn and boys. 
Where the jiassages are bigli enough to tain* waggons standing 
3 ft. aliove the ground, men are usually cmployeil for drawing 
or pushing them. It is convenu'iit to have waggons small enough 
to lie handled by one man, and also to he put liaek on to tlie road 
by one man, if by chance they leave the rails. 

The large waggons and loads at Fe.stiniog recpurc two men, for 
Ihe load of rubbish commonly amounts to or t,ons. The 
waggon and load together may weigh as much as 'll bnis. 

ji Traction by horses or ponies is cheaper than using human 
Iiower, hut it is not alw'ays practicable to einplciy it. There 
are many ore mines in which it woidd bo imp^issible to lower 
a horse dowm a shaft ; and even where the descent eonid take 
place, there would often lie the further drawdiack, that as the 
work proceeds with comparative slowness, owing to the haniness 
of the rock, there would not he ‘stuff’ enough liroken in a given 
time to keep a horse constantly employed at any particular level, 
whilst shifting it from one level to another would entail much 
difficulty. 

On the other hand, at collieries with their largei output, aiiii'nal 
power is greatly employed. * 

The horses are stabled below ground, and much care is taken 
in many iiistaiu'cs to provide proper accomrnoilation for tlieni. 
The stables arc paved with bricks or concrete, sloping towards a 
gutter ; each horse has its stall, or a loose board is hung betwei'ii 
every horse and its noighhour. Clean water is at hand for 
drinking. 
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y In workiriL,' deposits, it i-^; often necessary or 

convenient to Itivver a wagi^am down an ineljned jilaiie following 
the dip. Inclines for this jnirpose usually have two lines of rails, 
011(5 for the descending and th(‘ other for the ascending waggon. 
A wile rojie or a chain passes round a })iill(‘j or (irnin at the top, 
the axis of which may bo horizontal or at right angles to the 
plane of the dt‘])0sit. Kach end of the rojic e.an be hooked on to 
a waggon, and tln5 weiglit of the full waggiai going down siitf'ces '-o 
raise; the cin})ty one. The speed is regulated by a break tin the 
})ulley or drum. 

Another method of working inclim^s is to make the full waggon 
when it. dc'scemls draw up a weight, running on a special line of 
rads, wliich is lieavy enough to bring up tin' (‘m])ty. In ordiT 
to economise sjiact;, the line of rails for the weight may be made 
narrower than the one us('d for the waggon, and may be laid 
between thi'tv\o main ra.ils. 

If the incline is st('ep, a carriage with a horizontal platform 
is pr<i\idi5d. d’he mine waggon is pushed on to this travelling 
platform and ascends or descends in its ordinary position. 
Sclf-a(5ting incbncN above ground serve the miner in good stead 
where the country is hilly, and aie often cfaistnuited on a very 
large scale. 

3 JMaclnnery is enpdoyed for lianlage pnrjuws eitlier in the 
form of travelling engines or stationary engines. 

Locomotives tired \\ith coal have llic great disadvantage of 
])o]luting the air by the jirodmits of comlmstion, eonseijiuently 
they are mtt available unless the ventilation is very good, nor 
unless there is an ahsenee of inilammahle gases and freedom from 
the risk of set ting fire to the timh(;ring or to the mineral itself. 
A small locomotive of twohorso jiower is used on an ]8Lin. track 
in the long adit of the (Ireat Laxey lead and zinc mine in the Isle 
of ]\lan ; and at Kio 'I’lnto in Spain a much larger engine plies in 
the adit on a line with a gauge of tJ ft. ti in. 

Locomotives driven hy compressed air, carried in a large 
reservoir, improve the ventilation instead of injuring it, and 
entail no danger fnjiii fire ; hut, except in s])ecial eases, they 
cannot be w'orked so cln‘a}ily as ..ngiiies tired with coal. Air 
hjcomotives are emjiloyed in several mines in the North of 
England, and in tiio Lnib'd St at ('s (fig. IHO). 

An enornH,ms amount of umlcrgroimd t rathe is carried on hy 
the power geucrab^d by a stationary prime movi'r placed above or 
below ground, and this ])racticc is far more developed in collieries 
than in ycmu mining, where the quantities of mineral to lie handled 
are as a rule very much smaller. 


11 
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Tho subject ^ riusniission of power lias already ]»cen 
suffif.iently (bscussed in Chapter IV. and lu'cd not be dealt 
with here, save that it is necessary to [)oint out that the 
conditions of the problem are not the same when ]iower has 
to 1)0 :i})pliod to haulage as when it is re(piired Tn a constantly 
(dianging working face. As the minorrd has to be brought to 
the sliaft, a steam engine and its hoder, if necessar'’^, ean be 
})laced.in the immediate vieinity of the pit bottom ano the 
exhaust steam ean be g(»t rid of without interfering uith the 
comfort of tli<^ men or injuring the condition of the workings. 
ProjKT ro(jms can be made for the engine and the boiler ; coal 
ean be lironglit down and the ashes removed without dillicnlty. 
Itverylliing enn be arranged in a pcrmanonl ami substantial 
fashion, so that the steam power nia_) be generated on tlie spot for 
baiilage purposes below ground when it wamld not bes praedicalile 
to (!m])loy it for breaking dowm the mineral. Again, when power 
has merely to be transmitted down a vertical shaft in order t<j 
work a drum near the bottom, I'lidless ropt's may be used, 
altbough they would be cpiite out of place if they had to be 
carried along narrow, low, .and crooked levels. 

Five systems of haulage by means of a stationary prime nuner 
an; in use : — 

1. Single rope. 

ii. Main and tail ropes. 

iii. Endless rope. 

iv. Endless chain, 

V. FJcciric loeomot.ive. 

i. The single rope system is availa.blc with a road snllicieiitly 
iiielined for the empty waggon to run down of itself, after the, 
load has been brought ii]), and draw back the rojic wnth it. One 
road will suflice, and the machinery required wall be some kind 
of drum, around which tlie rope is coiled, and an engine for 
driving it. 

'Idle drum is usually placed horizon tally ; it is provided with a 
break, and there is a diseiigiiging clutch by wliicb it can be thrown 
ill or out of gear with the engine, pair of horizonta.1 engines 
which have their cranks upon the drum shaft, or which drive it 
by meaii^ of a pinion and spur wl)(*el, form the common metliod 
of applying the power. 

The wire rope lias one end fixed to the drum and tfic other is 
provided with a liook of some kind ; tliis is attached 1,o a link of 
the uon[)ling chain of the truck and the load is drawn up. On 
reaching the top of the incline or engine-plane, tlic waggon is un- 
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hooked, and eitlid- juishod, or allowed to ranvel of iifself under the 
aetioii of gravil V. 1o the |»jt bottom, whore the onset ter runs it on 
to the cage ni which it is raist'd to the surface. 

An enij>ty waggnn is then hooked on and run on to the incline, 
aiul the taigincTnan, with his break under proper control, dis- 
cngag(is th(i drum ])y means of tlie cliitcli and lowers the l(»ad 
without using any steam. AVhen woiked in this way, the incline 
ri'ipiires (uily one line of rails. A senes of rolh'rs have 1,o« be j)ut 
in for the purpose of keeping tlie rope from trailing on the 
ground, and of thus preventing mnch unnecessary we:irand friction. 

The incJim^ may Ire wmked with tw(r lines of rails, after the 
fa''hion of the sell acting inclines; and this system has the advan- 
tag(' of being more ee<rnomical, for the dead weight of the loaded 
waggon (‘oiuing up is balanced by the widglit of tin; empty one 
going down, it IS not even necessary to have two lines all the 
way; provided there is a sutheieur length of doubh' line whei’e. 
the waggons meet, the ineline can be worked with a leiigt/h of 
single line at the top and a similar length of single line at the 
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bottom. To prevent a waaggoii from running down in oa^c of the 
rojre or a conjiling link Irreakmg, a safely ap})liance, called a 
‘backstay,’ may be attached to it. jt is a sort of a fork which 
hangs hehind the waggon, and just touches the ground; if tlie 
rope breaks, it digs itself into the road and prevents the waggon 
from going down. 

ii. Oil the engine ]>lane just descrihod, the empty waggon goes 
back und(‘r the action r>f gravity ; with very slightly incliiieil, flat, 
nr undulating roads this is impossible. One metliod of overcoming 
this ditliculty is to add a rope, called the ‘tail rojic,’ wiiieh will 
draw the empties back ; the rope which draws the full waggons is 
known as the ‘ main rope.’ 

In fig. 181 a is a drum ii[)on which is coiled the strong main 
rope ; h is another drum uiioii which is coiled the tail r(»p(‘, passing 
round the pulhy c. 'Phe waggons arc coupled together and form 
the train (ir ‘set,’ which may in reality consist of as many as a hundred 
waggons. Siiitahle clutches enable cither drum to be worked at 
pleasure by the engine, while the other is allowed to run loose 
upon tlie shaft. Each drum has a break, by means of which the 
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rope ^nn hr: prov,"' from hocominp: too sluck vvliilo uncoiling 
itself. When tlie drum a is made to revolve by tlio engine, the 
main rope is wound np, tlie drum h running loose, and the train 
or ‘st't’ IS drawn from r to a. Ib're the waggon^ are uncoupled 
and ])iiHhed to Ihe shall, or, belter, the station at (t is arranged so 
that there it is snliieiently higli lor tiie waggons to run down of 
Ihemselves under the action of gravity. A new train )t' epi plies 
is ther> made up, the mam and the tail ro])es are attached to it, 
and the drum A set. in motion so a^ to wind u)) the tad j'ojie and 
draw the waggons into the terminus at r. It will be evident from 
a glance at tlie figure that the tail rope must be twice as long as 
the main ro]>e. As the tad rop(‘ has simply a train of engities to 
haul <;ut, it may be made small<‘r than the mam rope, (‘xe('i»t in 
eases w'here the road has a downward mcliiiation towards tlie shaft, 
sunieient to cause the loaded train to run down of itself and draw^ 
the tail rojic after it. 

Ill, A common method of underground haulage is hy an endless 
rope pa.ssing round a ])uiley at each terminus, and generally 
travelling continuousi}^ in the sumo direction. The rope is logit 
in a staL' of tension by earrying it round a tightening sheave, 
which ill some instances is om; of the terminal pulleys. The 
tigliteniiig sheave or ])ulley is carried by a frame running U}» on 
wheels, and is constantly drawn back by a heavy weight. The 
necessary grip of the ro[H' is ohtaiucil by coiling it several times 
round the driving drum, or round a driving pulley with grooves 
and a seciiiid grooved pulley close by ; the io}>e wraps itself, for 
instance, upon three half circumfercnci’s of (.ne pulley and tw'o of 
the other. The sjieed of an emlleas rope is usually from two to 
throe miles an hour, though instances may he cited of as low a 
S}>ced as one mile an hour. 'Jhe eiidh'ss rojie system ndmits of so 
many modilications that to attempt to outer into details’ would 
occupy too much time; it will suffice here to })oiiit out that twm 
chisses may be made according as the w'aggons are attaclied singly 
at intervals along the rope, or are made iiji into trains (sc/'ii), and 
each of these may he sub-divided according as the rope is placed 
above the waiggons or below them. 

Sovi'ral modes of attachment are in use. If the gradient is all 
up hill a very simple clip is sufficient. The rope is made to rest 
ill a fork on the waggon, and as it is bent out of line of pull wlien 
in motion, it is held tightly enough by friction to draw^ along the 
load. If the gradient varies, a fork is put on each eii<l of the 
waggon, or a screw- clip is employed ; this resembles a pair of 
tongs, the jaw's of which are brought together tightly by a screw 
W'orked by a handle, and hold the rope with a firm grip. 
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iv. 'Hk* niidloss cbain may W looked it^pon as a varii l v of ike 
pi-evioii,' sw^lciu, a ehaiii being snbstitul,e<l for the rope. 

V. Wliere there IS no danger from spaiks, the electric railway 
forms a us(‘fid Rybitioii of tlie problem. The eurrent sn[>plied by a 
dynamo at the surface is conveyed along a wire sns})en(led from 
the roof of the level ; and it passes down a trolley arm to a 
mo1(o> well encased m a strong iron covering, which by the aid of 
L'caimg drives two wheels of the locomotive. The gem-ral !ip])ear- 
ance of an eleetiic mine locomotive is shown in fig. 182 . 

(3) Aerial Ropeways. 

'riiere art' se\(‘ral varieties <»f the?>e n»pe\\ays, th(‘ eliaracter- 
isties of the tw<» most impoitant are . 

(a) Endless rope, which is the supporting rope and liauling 
rope at the same time. 

(h) T\\c» supporting ropes, and an endloNs ropi’ for hauling the 
load. 

Ill the former system there is an endless lopi', supported by 
pulleys on strong wooden or inm posts placed at suitable interwais, 
wdiicb is s('t in motion by any available source, of jiower. Sus- 
}>cnded from the rope are buckets in which the mineral is carried. 
The bncke.ts may be detaebabb* at ])leasure, or tJiey may be tixed. 
Ilodgsiais original ropeway has dotaeliable buckets suspended by 
iron hangers to grooved blocks of wood resting upon the rope. 
Tilt! carrying bhiek ba.s a s[)indh: with a small grotived ])ulley, 
winch can bt' made, lo run upon a rad at each terminus and so let 
the rope move on without the load. The bucket is Idled from a 
shoot or boppm- while hanging on the rail at the loading terminus. 
A workman then pushes it along the rail until the carrying block 
is taken up hy the rojie, which is always in motion ; the load now 
travels along suspended from the rojie, the earners being con- 
structed so as to pass over the pullevs. On reaching the unload- 
ing terminus, the carrying block is again shunted on to a rail, and 
the bucket is tip])ed by lifting up the eatch which had kept it 
from turning about pivots. The empty is now brought round to 
the point where th(' rope, afuu’ passing round a terminal pulley, is 
aliout to begin its journey back to tlie loading station. Here it is 
shunted on to the ro]>o and travels along with it. 

On steep inclines the sad<lle or carrying bl(*i;k is sure to slip, 
and it becomes desirable to fix tlic support of the banger tightly 
to tlm rope. In many cases the ropeway nee<ls no driving power ; 
the full buckets in their descent tlraw uj> the empties. 

The lwo-ro[)e system is suitable for larger (piantities. Ihvo 




Fig. 1S2. — Elect] ic Locomotivt 
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main ropos serve us ueri.ul rails and act st us sn[)|)orts, whilst 
an endless n)])e is (‘(nistanll}" trav(dling has the leads made 

fast to it at j'leasurc. Ropeways working upon this ])lan have 
been perfecteii o{ late years by Otlo and by IMeiehert in Germany, 



where they are commoner than in this country. They arc con- 
structed for distances of from two to eight or even ten miles, with a 
carrying capacity of 600 to 800 tons per day of ten hours. The 
seftarato loads may vary from J cwt. to 1 ton each. 

'i’he kind of cable used on the most recent lines erected on the 
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Otto sNstein is tii,.. i;iu)\vii as llie ‘locked coil wire rope.’ Tt li:is 
the adyautage of preseiitiiii^ a perfectly smooth siirface, admirahly 
adapted for the nniniiij.^ (»f the grooved piill(3ys by whicli the load 
is suspended. Thi^ vessel hi winch the mineral, is conveyed may 
be of any eouvenient sha])e, siip[>ortcd by ])i\ots around which it 
can be easily tip])ed. Kacli rccejitacle is attaclu^d to a hamper 
sus])ended from a spindle placed midwa}' between t vo y^rooved 
pullets or wheels, which rest on the latpe. 

The posts or standards are coiistrm’ted of wood or iron suitably 
stiffened hy hraeing and hold in ]»osition hv gnv ro[>es oi- rods. 


H— Sio’cvor^aU, ..-tj- 



Fio. 184. — Cross {jcctioii of wooden loadnif^ [der at Dulvilli, Minn., U.S.A, 


The distance between the standards varies according to thenatiue 
of the country. 

The hauling rope must be very flexible, and is made of line 
steel wire with a hempei:* core. The mode of attachment of the 
load varies with the gradient of the line. If the gradu'ut is less 
than 1 in 6, the amount of friction necessary for gripjiing the 
rope tightly can be obtained by bringing it between two Hat iron 
discs and clam]»ing them togetlier with a screw. One of these 
discs is rigidly attached to the hanger, and the tightening screw' 
of the other can be loosened automatically by providing a pro- 
jecting lever, which comes in contact with a stop at the terminus. 

If the gradient is between 1 in 6 and 1 in 3, the discs are made 
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with instead of 

smooth surhmes. When the 
^^r.idioiit exceeds i m 3, 
another dc\ lee lias Id laxan- 
jthned ; projectile^ knobs a.re 
inserted into tlu' rope at 
re;^'nlar intervals, and ( tn moet- 
iuit ^'d.h properly an^iniri'd 
sr.cps up(ni tlic loads llie\ 
cause tfiem to (.ravel along. 

( 4 ) Loading and Unloading 
Sliips. 

Where t lie miin'ral is biainj: 
nbtaineii in very l:na;e 
tjiiain itie^, ehi ap methods oi 
liandliiig ii i-e([!iire special 
.il1< nl.ion , mdei'd, the answm' 
1.0 the ‘p'(‘stion, “(‘an this 
mine l>e vstirkel ])rotitahly 
will often d('[)end upon the 
facilities for siaiding awav and 
roeeiviin; its ])rodii(‘e. It is 
well, iheiedore, for the i le 
mentary student to know 
'.oinething of tin; snloVet. 

In no land has the matter 
lieen more carefully studied 
l.han 111 the L’mI'd States, 
and an ln^truetive example*’ 
i.5 allbrded hy the tiansp(»rt 
of iioii ore from the Mesahi 
llange mines in Minne-sota 1o 
the blast furnaces ot IVnnsyl- 
vania. As alrea.dy jioiuted 
out, I he ore is often exeavated 
hy steam shovels whieh drop 
their contents into railway 
inicks The trains are 
hron-lit from the mines to 

* ile.id, “ Lake ir^uperior Iron 
Oro Mines, /‘roc. TiluL t'. A’. , vol. 
•’xxxvii., !Sl!8-P'.i, p. 7 / 
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Ui»‘. Port of wlu'ic :i loii<r piiT runs out I.:iko 

Superior; here the trucks are emptied into huge bins (tig, I8d*) 
with hinged shoots. 

An 01 e steamer is bneight alongside tlie [)‘^ei’ and a shoot is 
lowered into every alternate hatchway and tlui ore run down ; the 
rate of loading vari(‘s from 1000 to 1600 tons pm* vais^td pi'r hour. 
The steamer t-hen makes its way aiu-oss tlio lake to the gyeat luck 
at h^tiult St Marie, which lowers it to tlie level of Lake Huron, 
and it now proceeds to Cdcvelaiid t>r souh' other port in Lak(' 
Erie, where the Prown conveyors are latgely usi-d f(»r tin' [lurpose 
of discharging cargoes. Tins conveyor i.s a long light lindge 
(tig. 185),'*^ one end of \\hi<di is fm»nghl directly over one, ef the 
hatchways of the ship. A big bucket (.^d/yO bolding In ewis. is 
lowered into the bold, filled by sbovollers, and then <lrawii up :>ud 
run along the bridge to be tijiped, eitlu-r into lailw.iv wiiggoiis 
or on to a st<K‘k pde. ddu‘ Jow'criug and raising of the skip and its 
run ahmg the bridge are eontrolled by oiu' man in a cabin As 
eaeb hatchway has its own conveyor, the v\ork of disclcirging is 
rajiid ; (000 tons can h(‘ unloaded in (sglit hours at the cost of jd, 
to l,d. a ton, 

* Ui‘a<l, op, i\t. 



CHAPTER YIII. 

HOISTING 

1’y ‘ hoist ill, ii: ’ or ‘ ^^i^(lillli ’ is inejiiit the o])or;irK)ii of raisint^ 
the iiiiuera] irotu the underground workings to tlio suiTaec ; 
but, us already t*N|)lained, tliere is no striet line of deniareatioii 
bolwa'en it and haulage when the work is done b} an incline 
or ‘ slojie ’ 

The appliances required are nunierons, as will he evident, from 
the following list : 

(1) Motors, drums, pul ley -frames, and pulleys ; (2) rope, attach- 
ment of the ro|te ; (2) reccfitacles for the mineral or waste ro(‘k ; 
(4) keps, signals, and indicators; (5) safety apparatus. 

(1) Motors, Drums, and Pulley-Frames. 

As in oiluT depart ments of mining, the motor miqiloyed may 
be worked by animal ])o\\er, or by an engine driven liy water, 
steam, eomprchseil air, gas, petroleum, or electricity. 

'riie simjilest contrivance for winding is a [udioy sn])portcd 
by some suitable frame above the shaft ; a bucket is attached 
to tiie end of the rojio hanging d(»wn the shat:;, whilst the other 
end, passing over the juilley, is drawn by men or women ; they 
simply w'alk away from the shaft and haul up the bucket. 
Large colliery shafts in India arc sunk to a depth of 250 ft. 
by this ])rimitive method (»f hoisting, wdiieh is likewise employed in 
Bnrmah in quitting down oil wells, , 

Human jiower is usually apj*licd by a w'indlass. This consists 
of a wooden cylinder, about 8 in. in diameter, provided with 
two iron handles and supported by two ujiright posts which are 
suitably stayed. A sliding bar, which can be drawn out either 
above or below the cylinder, serves as a catch for one of the 
handles wdien required. 

In tliis eountrv the ordinary windlass is used for shallow 
sinkings of 20, dO, or 40 yards in depth, such as are made in 
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commencing witrk at a mine, or in effecting eomnuinicatioji 
between two levels ; but in countries where labour is cheaper, 
the windlass may form the sole means of hoisting from depths 
of 100 and even 200 yards. 

When a horse is employed in the place of ‘men, the bucket, 
;itta(‘,hed to a rope passing over a ])idley, is sometimes drawn 
up by making the animal walk aAvay from the shaft. The frame- 
work and pulley constitute w'hat is railed a whip^iidcrri/. 

Animat }»ower is usually applied hy means of a maebine railed 
a liorso-wdnm. It consists of an npriglit axle, usually of timber, 
supported at the bottom by an iron pin or -jiivot, wdiieli works 
in a hole in a large sUme forming a jirimitive foot block. A 
liori/ontal Ix'ain, known as the driving beam, is attached to tlie 
a\le, and above it comes a hollow wooden cylinder or drum, 
around wliich the rojie is coiled, proper proj(‘cting b(»rns or ilanges 
Ix'ing ])rovided to prevent its slipping off. 

The other end of the axle works in an inin socket, carried by 
a great liorizontal beam, which is support'd by two legs. The 
winding rope is coiled several times around the drum, and both 
ends, after passing over pulleys, bang down the shaft; when 
the horse walks round, one bucket is raised and the other lowered. 
As many as six or eight horses may be harnessed to a horse-whim 
for the purpose of working it. 

When the waterwheel is used for hoisting, it is necessary 
to have means of reversing the motion, in order to raise or 
lower the rope at pleasure. Two methods may }>e employed : 
a double wheel w>th buckets fixed hi opjiositc direidiuns; or 
a single wheel ])rovided xvith suitable gearing or belts. The 
double wheel may be s«‘cn underground in Germany; it has 
sluices (hafehes) which will turn the water on to either side, 
and there is a brake for controlling the motion. The winding 
drum is placiul on tlie shaft of tlic waterwheel, and according as 
the water is turned on to the rightdiand or to the left-hand side, 
the wheel revolves one w^ay or the other. 

Wlu'n gearing is employed, a hovel wheel upon flic sliaft of 
tlic waterwheel drives a pair of bevel wheels, fa<‘.ing each other, 
w'hieh run loose upon *the shaT of the drum. By moans of a 
suitable clutch either of them can f>e brought into firm conneolion 
with tlie drum shaft, and so made to drive it in the reipiired 
direction. 

Steam engines employed for winding liave usually tw o cylinders, 
cither vertical or horizontal; the latter arc preferred. It was 
usual at one time to put a pinion upon the crank shaft and a 
spur-wheel upon the drum shaft; iiow^adays for t^uick winding 
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the drum is placed upuii Die same shaft as 1;ho cranks. Double 
cylinder eiiLunes an- preferable to these with a single one, as for 
rapiil work it is necessary to have more control of the engine than 
can be fui'iiislu'd hy one of the latter type. 

d'he engine mu^t be provided with an adequate brake, and 
when* ihe drum is worked by gearing, it is necessary to have 
a brake ujrm the drum shaft, because otliorwdse there would be 
no UK'aifs of arresting the desciuit of tlu* load in case of frai^ture 
of ‘^ome of th(‘ cogs. Although many wdndiug engines W'ork 
without exjtansion, aut.iuuatic*. expansion g(‘ar is common, and 
some of the engines are arranged so that the commencement 
and end of the run sliall he work<‘d with lhe full power of the 
steam, ami tin* middle of the run ox])ansiM‘ly. Coriqwnmd 
migines, and indeed tri})le-expansion engines, liavc been erected 
for winding jmrposes. tlmugli the advisalulity of employing 
them IS tjuesiioned hy some mining ('iigiiu'ers; while fully 
admitting lhe value of the principle in the case of engines 
which are working constantly, sueh as those used for pumping, 
tlu'y contend that il is not advisable to conqdicate machim*ry 
which is performing very irregular w'ork, and )»eing constantly 
sto]ip('d and stai-tcd. 

big 18G rt'prebcnts a large horizontal twin tandem com])ound 
winding engine made by the “ GutchoH'mingshutte Actien Vercin 
fur llerghaii nnd 1 1 ut.tenlietrich ” of ( )horhansen, Germany. 

Tlu* engine has two high-pressure cyhuclers of 2 ft. in. 
(Sno mm.) in diameter and two hnv-pressure cylinders of i> ft. 
11^ m. (1200 mm.) in diameter; the stroke is G ft. 6J in. 
(2000 mm.), with a steam pressure of 8 atmospheres in the 
high-pressure cyhmler at starting. The engine is capable of 
raising a load of 41. tons (4400 kil.) at a speed of 40 to GO ft. 
a second (12 to ID m. iier second) from a d( nth of 820 yards 
(TDO m.}. 

The twa) winding drums are cylindrical in sliapc, each 27 ft. 
10^ in. (8500 mm.) in diameter and 5 8-J in. (1750 mm.) wide, 

and capable of receiving 930 yards (850 in.) of rope 2 in. in 
diameter (50 mm.), 

(kmipresscd air is largely employed when Die hoisting engine 
lias to be placed underground, and it is especially suitable for 
sinking intermediate shafts (whizes). Occasionally, as for instance 
at the Ijong Tunnel, Walhalla, in Victoria, all the hoisting of 
a mine is done by a e(uu])ressed air engine. 

Hoisting hy electricity is as yet in its infancy, hut already 
motors of considerable size are employed for winding purposes 
111 mines, and the new* engine for one of the shafts of the 
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Oelseiikirchen Mming (^'Ornpany in Wc«lj)h!ilia will have a 
maxinmiti capacity of 2800 h.-p. 

A winding drum is usually a mere revolving cylinder around 
which the rope coils itself. An objection urged against the 
plain cy]indric.al*drum is that it in no w'av compensates for the 
change of work required of the engine during the ditrerent phases 
of winding. 'Po make tliis jilain, suppose one end of the rope to 
he at 8he bottom of the shaft with the full load attached ^ to it, 
whilst the other end is at the top with nothing but the empty 
cage. On starting, the engine has to raise not only the weight 
of the load of mineral, hut also the entire weight of the rope 
hanging dowm tlie shaft, and in dee[) mines with large cages, 
this weight is by no means inconsiderable. In proportion as 
the full cage is raised, the amount of dead weight of rojie to l )0 
lifted becomes less and less. Eventually the full and empty 
cages iiuHjt; the two portions id the rope then balance each 
other, and the engine has simply to overcome the action of 
gravity upon the mineral ; later on. tlie ro])C of the empty 
cage is longer than (liat of the full one, and assists the engine 
in doing its work. At last-, wdien the load is nearing the 
top, the drum is feeling the full weiglii of the rope of the empty 
cage. 

Constancy of load is easily obtainable with the cylindrical drum 
by tlie simple exjiedienl of adding a lialanc.c rojie, that is to say, 
a rojie hanging down the shaft with one end attached to the 
bottom of each cage. Provided that this roia; agrees in wa'igbt 
wdth the winding rope, the counterpoising is ju'rb'et, for on each 
side, m every jiliaso of the ascent or de.scent, ilu've is always 
th(^ same dcJid weight aiding upon the drum. 

With the same object in view' the drum is sometimes made 
conical. The drum is so arranged that the 'bameter of the coil 
of rope increases as the act of winding up iiroeeeds. The load 
at the bottom of the }>it acts upon thi' drum shaft wdlh .a small 
amount of leverage : its leverage increases as the weight due to the 
rope diminishes. The reverse condition of allairs exists with the 
dcsciMiding load . it has a large leverage while there is only a 
short length of rope Imnging^down tlu* shaft, but as the weight 
throwm upon the drum increases, so the leverage diminishes. 
Intermediate between the conical and the cylindrical drum is 
one which combines the twm systems; the conical end is used 
for bogimiing the wind and the cylindrical part for completing 
it (fig. 187).^ 

“ Dio nouo Fordennaschiue der Taiiiaraok Milling Company,” Glurkauf^ 
vol. x\xvi., DjOO, p, 325. 



•HOISTING. 


177 


Wh<^n a flat p> is used instead of a round one, it is 
coiivonient, for the sake of distinetiou, to speak of the windinj^ 
cylinder ss a ‘ reel ’ or ‘ bobbin.’ Tiic Hat rope coils upon itself, 



and iiv the winding proe.eeds the diameter of the coil increases, 
if the cage is being raised, or decreases if tlie cage is being let 
down In tliis way there is a certain conpiensating action 
similar to that which is obtained with a conical drum; in other 

12 
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words, at tlic moment’ of starting when tho ^oad is at the bottom, 
the smallest amount of leverage is exerted upon the driving 
shaft of the reel ; whereas at the end of the wind, when the 
load is smallest it is exerting the greatest leverage. 

The framewui^ at the top of the shaft for supporting the 
pulley or pulleys is known by ditTerent names. It is called the 
headgear, pithead frame, or poppet heads (Cornwall). It may 
he constructed of timber, iron or steel (figs. 188, ISO, 190^’’^ and 
191),t and metal ])ulley-fratnes are now usually seen at large 
mines where winding is conducted upon an extensive scale ; 
at small mines and during sinking operations a timber headgear 
is common. 

Winding pulleys have to be placed on the pithead frame 
in order to change the /lircction of the rope. I’nlleys are 
made from 10 to 15 and oven 20 ft. in diameter, in order to 
subject the rope as little as possible to sharp bendings, which 
would reduce its lib*. 


(2) Ropes and Rope-Attaclmients. 

Hopes are made of vegetable fibre of-some kind, or of iron 
or steel wire. Tlio vogctuble fibres used are hemp and manilla, 
which are twisted into yarns ; the yarns arc laid together so as to 
form strands, and finally the strands are laid together to form 
the rope. 

For winding by hand, in sinking small intermediate shafts 
a hemp rope I in. in diameter and made up in three 
strands, is commonly employed. For heavier \vork, eitlior a 
round rope of larger section is necessary,' or a Hat rope 
formed by sewing togetlier several round ropes. 

Iron has been superseded by steel for making wire ropes ' 
nowadays. 

Steel wire winding ropes are usually composed of six strands 
and a central core of hemp, each strand being made up of 
seven wires (fig. In the United States and in South Africa, 

a ‘ seven-niueteeu ’ rope is of^en employed, i.e, a rope with seven 
strands, each composed of nineteen wires. In ordinary ropes the 
‘lay’ of the strand is like that of hemp ropes; that is to say, 

* “Steel Head Fiiiuie of the Parrot Mine, Butte, Montana,” Ewj. Min, 
Jour., vol. Ixxiii., 1902, p. 802. 

t Nogiu-a, “Descriziono dell’ impianto idro-tcrino-elettrico della Miniera 
di Froi’gocli, Oardigansdiire,” Jiesoconii dcUe riunioui delV Assodazion^ 
M'ineraria i>arda, Anno VI., No. 3, 1901. 
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the reverse of y of the rt)pc (%s. 103 and 19-t). Liuig 
has improved the method of rnaiiiifacture by making the lay 
of tlic strand the same as the lay of the rope ; the wires are less 
sharply bent, and present a longer wearing surface. The result is 
that whilst tlie wires (d' an ordinary rope wear quickly on the 
crown of the hend and break (Hg. 194), Lang’s rope, with its 
greater wearing surface, has a nuieh longer lif(‘ (llgs. 1 .19 and 196). 



Flc. l’T(;s. 193 and 194,— Wire ropr willi the 

o( a steel wire rope. ordinary * lay ’ before and aftei use. 

Tn designing the ‘locked coil wire rope,’ the inventors departed 
entirely from the old traditions of manufacture. They considered, 
and very pro})ei-ly, that when dealing with a material like steel 
wire, which can be obtained of very great length, it is ({uite 
unnecessary to copy the methods suitable for the shfirt fibres of 
hemp As will be seen by fig. 197, nearly the whole of the sec- 
tion of the ro]>o is made up of useful maTcrial. There are 



Flos. 195 and 196. - Win; lope with Fiu. 197.- Loi'keil coil 

Lang’s Iny before and after use, wiio lope. 


scarcely any BjiaeoR siicli as exist in the strands of an ordinary 
ro]>e, and conse<iuently for any given section the locked coil 
rope is stronger than a strand rope. Jt is very flexible and has 
a smooth uniform surface, which makes it look .at a distance like 
a solid bar of iron. No one wire of the outer ring is more 
exposed to weai* than the other; consequently there is not the 
danger of having broken wires, arising from the top of tlic crown 
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being rubbed off by continual use. Anotlier advantage is the 
absence of any tendency to twist, whereas the ordinary rope turns, 
and soinetiines a good deal. On the other hand, the locked coil 
rope cannot be spliced, but sockets can be used for connecting one 
length to anotlior. 

In sjdte of sundry advantages the locked coil rope has not 
always proved so successful lor winding purposes as was at first 
ei]>ected. The experience of AVesiphalian collieries is in favour of 



Figs. 198, 199, 200.— Flattened str.ind wire lope, 

the flattened strand I'ope, in which the strands are oval, witli the 
object of making the rope more nearly cylindrical than is possible 
with the ordinary method of manufacture. 

For attaching the wire rope to the cage, or other winding re- 
ceptacle, it is necessary to form a loop of some kind, which can be 
connected by means of a D-shaped link with a screw pin. Several 
kinds of attachment are shown in figs. 201, 202, and 203. 

(3) Eeceptacles. 

There arc three kinds of receptacles used for raising the load 
in the shaft : (a) buckets {Hbbles^ }(oj)pets)j baskets or 

bags, swinging loose in the shaft and bailers; (/;) buckets or 
boxes (skipa) working between guides ; (c) cages carrying one or 
more waggons. 

The buckets are made of wood, sheet iron, or sheet steel. 
Various forms are used, viz., round, elliptical, or square, and the 
sides may be straight, or bulging in the middle. Fig. 204 repre- 
sents a common form* of sheet-iron kibble^ 

On the arrival of the kibble*at the surface, the lander seizes an 
eye or ring at the bottom (fig. 204) by a pair of tongs suspended ‘ 
to a chain, and then gives the signal for the rope to be lowered 
sliglitly. The kibble turns over because it is suspended from the 
bottom, and its contents are shot into a tram waggon placed ready 
to receive them. Daring the operation of discharging the kibble, 
the mouth of the shaft should he covered by a hinged door, so as to 
prevent stones from falling down and injuring the filler in the plat. 
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In the exceptik-..al oase of a liquid, such as petroleum or brine, 
the mineral is lifted by a bailer (p. 51) or a pump. The bailers 
used at Baku are often 40 it. in length. 

The use of guides enables winding to be carried on more 
smoothly, safely and raphlly. The guides ma/ be chains, wire 
ropes, bars of wood or round iron, or, lastly, iron or steel rails. 


Figs. 201, 202, 



203. — Attdcbineiits or ‘ cappings ’ 
of wire ropes.* 


Fig. 204.— Winding 
bucket or kibble. 




Chains are rarely met with ; the commonest method of guiding 
in perpendicular shafts in tliis country is to hang two or more 
stout wire ropes from the top to the bottom of the shaft, and to 
provide the winding receptacle with eyes which pass over them. 
They are kept taut by weights or screws. 

* Copied, by permission, from Messrs George Cradoek & Co. *8 figures. 
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Wire ru]>e guides r»:iy he used oven in l.iu: (‘.:ise :i Ivildde; a 
cr(iss-])ar wilh two eyes is attached near the end of the winding 
ro])c , thoiiL,di the hihhle reniains loose, it is so close to tlie cross- 
bar tliat it can swinj^ but little. fitting wire rope guides of 
this kind to perfiendicnlar slitifts originully worked with the 
ordinary loose kiblde, winding can be carried on with greater 
sjK'cd and safety, wlnlst the cost of making the alteration is coni- 
])aratiVely small. 'I’here i.s Uh* further advantage ihat the shaft 
when provided with guides liecomes available for raising and 
lowering the men, 

We ne\t come to the tiox of rectangular or circular section 
(skip), made of sheet iron or sheet steel. It usually lias a slojiing 
bottom, and is provided with a hinged door for discharging its 
contents, in some cases it is enijitieil liy being turiu'd over auto- 
matically on reaching the toji of the shaft. The Hkij) may be 
used in perpendicular, iiicbued, or crooked shafts. d’h<‘ guides or 
conductors are most commonly rectangukir bars of wood, bolted 
to the cnd-])ieces of the shaft and to the ‘ dividiiigs * in the 
manner shown by figs. 113 and 114, 

If the shaft is j»crpendieular the skip may bi; guided by two 
U-shaped shoos of iron, whiel) clasp three si(i<-s of the. e.onduetor. 
If it is inclined the skip runs u]'on four wheels, as shown by 
fig. U05. In an inclined shaft the comliietors sometimes have 
rails u})on wiiieh the wheels of the skip run ; in otliers the timber 
is not protected in any way. 

When winding is going on from any particular level, a stop, 
such as a strong bar of iron, is put aeruss the shaft to arrest the 
skip j the miner, standing in the pfaf, shoveks the mineral into it, 
and gives the signal to have it drawn up as soon as it is filled. 

A better plan is to adopt, the arrangement ex})lainefl in fig. 205, 
which will be easily nnderbtood. H is a strong plate working on 
a jiivot which is put <lown to stop the ski]) ; C is a ])i\oted hood 
turned over the moutli of the skij) so as to ]>rcvent stones from 
falling into tlie shaft, and when tliis is m ])lacc the workman 
raises the door of a large bin or hopjicr, ami allows part, of its 
contents to run out. * The hopper has been filled by tipping 
waggons from the line of rails ui the level above. 

On reaching the surfac.e a hinged Blo])iiig door is turned over 
the shaft, ami the skip is lowered a little until it rests upon it; " 
the workman (bmder) then knocks up the bolt retaining tlio door 
of the skip, and the contents fall out into the tram waggon placed 
to receive them. The lander replaces tlie bolt, the skip is raised 
slightly, tlie door pulled b.jck, and the vskip lowered once more 
into the shaft. 
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AD tijeso 0 })c.'*'^'R cause a needless waste of time, and the 
modern })ractiee is to employ sclf-discliurginf,^ skips, ]>y tm^aiis of 
whicdi very large quantities of min(;ral e.aii Ix' dealt with rpiiekly 
and at vi'rv little cost. ’Where the winding shaft is ineliiied, the 
skip is drawn by a long bow (tig. ^Ub). The tw5 hind whei'ls are 



very much broader hi the tread than the two in front, and soon 
after reacliing the surface they are caught by two special rails, 
w’hilst the front wheels travel on tlie ordinary guides. This 
cause'., the skip to tilt u]> and discharge its contents witliout the 
interviaition of any workman. Self-tipping skips are likewdse 
employed in vertical shafts. 

The system of winding bv a caire is adonted aim st. iniivpr>ijinv 
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at collieri(;H ; it is likewise very j^eiieral iit miining seams of ore, 
and is not uncommon in the case of veins and masses. 

Tlie cage, as its name implies, is a more or less o[)en receptacle, 
which rec(‘ives the waggon used underground, and conveys it to 
tlic surface. 

Figs. 207 and 208 represent the light an<l siniple cage used at 
the mines on the (knnstock lode ;* it is a mere timher platform 
5 ft. hf i ft., resting on iron bars and supported by iron rods on 
each side. It is ])rovided wdtli a sheet iron bonnet to j)rotect the 
men inside from anything falling down the shaft, and also with 
safety catches, which come into ])lay if the rope breaks. 

The liatul levers /»; /i at the ends of the cage, raise up blocks 
which keep the tram waggon in its place during the ascent or 
descent ; i/ g are the gtiides for the ends of the cross-bar ; r, the 
bar working the teeth 1 1 by levers ; /, shoe or ear embracing the 



Fig. 206. — Self-discharging skip for an inclined shaft. 


guide rod, or conductor, in the shaft; r, the lifting bar; .s, a 
strong spring which comes into operation if the rope breaks. 

The length and breadth of the cage are limited by the size 
of the shaft ; where it is desired to raise a larger quantity qf 
mineral than can be contained in one waggor., or two placed side 
by side, the carrying capacity of the' cage may be increased by 
constructing it with two or more platforms, tocbniciilly called 
decks. Cages are sometimes seen with as many as twelve decks. 

As a rule the full waggon is drawn out of the cage at the top 
of the shaft, and is trammed to some convenient place where it is 
tipped ; of late years the ingc»uity of Alncrican inventors has led 
them to introduce methods of tipping the waggon automatically 
on reaching the surface without leaving the cage, in order to save 
time in winding. Rus,sell and J’arson’s automatic dumping cage, 
said to be doing good work in the United States, has its platform 
movable upon an axle underneath, which allows it to be tilted on 

* J. U. Ha^iie, *' Mining Industry,” U.S. Geol. Expl. of 40 th Parallel, 
vol. iii., Washington, 1870, Plate vii., p. 119 
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one aide or the .’’ua The capje has the usual shoes at the 
bottom and top, which cover 5^ in. of the wooden guides or 
conductors the tilting platform has its own two separate shoes, 
^^hich clasp only in. of the guides. Whilst the cage is in the 
shaft, the platform is held in a horizontal position by its shoes 
running upon the guides. At the surface the wooden conductors 
are cut away for a depth of i>| in., so that, althouga the cage 
itself is guided, the small shoes are free to move sidi-ways and 



Flos. 207 and 208.— ~Cage, Com.stoclv Lode, Nevada, TJ.S.A. Front elevation. 
Side elevation. 

permit the tilting, when the platform touches a propiTly arranged 
stop. The flap door of the waggoi is released automatically at 
the same time, and the mineral is shot out into a large bin at the 
pit top. 

(4) Keps, Signals and Indicators. 

On arriving at the surface the cage is usually lifted a little 
higher than the landing platform, and supports of some kind 
{kepB) are brought underneath it, so as to hold it up while the 
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full wag^oTi ifl drawn oft' and the empty va^^ffoii pushed on. The 
ca,ge is then sliglitly raised, the sup}>orts (keps) arc drawn back by 
a icvcr, and the des(‘ont begins. 

It is nec,cssary to have some means of communication between 
the various ‘on setting’ places and the to}) of the shaft, so that 
the man at the bottom (on-i^pftfr, hookpr on) may bo able to inform 
the man at the to]) [Ixmksman or lamler) when lie is ready for the 
cage, [<ki|), or kibble to be drawn up. 

^ In shallow workings shouting is sufticient ; when the pit be- 
comes deeper a 'sjieaking tube is sometimes put in, but the 
commonest method of signalling is by a cord made of galvanised 
wire. The coj’d is carried round carves and corners by means of 
cranks similar to those used for house bells, only larger and 
stronger, and when it is pulled by a lever at the bottom, it moves 
a hammer wdiich strikes a bell at the surface. 

Electric hells are common. Telephones of various descrijitions 
are sometimes used, but for ordinary purposes of winding the 
simple signal given by a bell is quite sufficient. 

Tn addition to the signal for starting and stopping, there is an 
indicator wliich shows the engineman the exact position of the 
load in tlie shaft. 

The arrival of the load at the surface may be brought to the 
engincman’s notice in several w'ays ; by a mark on the rop(‘, by 
the pointer on the indicator, and by some audible signal worked 
avitomatically by the wdnding engine. 

(5) Safety AppKances. 

In rajiid winding with large drums, a slight inadvertence on the 
part of the engineman may cause the load to bo drawn up against 
the pulley, and this is what is commonly known as ‘over-winding.’ 

Various plans have lieen devised for preventing disastrous 
results if an accident of this kind occurs ; one of them consists in 
interposing between the rope and the cage a special appliance, 
called a detaching hook, which will sever the connection between 
them, allow the former to be wound up, and at the same time hold 
up the latt('r safely without damage to the load or persons inside. 

Among others the detaching hook of King and Humble is well 
known (tigs. 209 and 210). It consists of two outer checks or 
sides, containing two inner plates which can move about a central 
bolt (fig. 209). Eacti plate has a wing, u, jirujecting beyond the 
framework. When in use the two plates are prevented from 
coming apart by a small pin or rivet, r. 

If the cage attached to e is wound beyond a certaiTi height, the 
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detaching hook ib h'a.,n into a round hole in a strong inui plate 
(fig. 210), and when the projecting wings <i a strike against 
this plate, they arc fona'd to move inwards, the rivet is cut, the 
shackle d at the end of the rope is set free, ai’d J,hc two catches 
f f are thrown out ; these drop upon the plate and hold the cage 
firmly suspended, ’ 

Tlic detaching hook does not prevent overwinding, foi it d 'Cs not 
come into [day until after the cage lias been wound up too high ; 
at the best it can prevent the overwind from having disastrous 
eflects ; and further, it is uo safeguard for the descending (‘age, 
wiiich may he dashed violently against tlio bottom of the shaft. 



Fics. 2Uti .Old 210. — King and Humble’s detaehing liook, Shai kle fixed. 
Shacikle released. 


Many milling engineers, and especially our Continental bretlireii, 
are tdierefbrc of o[iinion tliat some spet'd checking ap])liancc is 
desirable, which will come into action if the cage is approaching 
the surface too rapidly, aud atop it altogether before it has been 
lifted as high as the jmlley. Among them may be mcntione<l the 
chiver appliances of' lleumaux, Villiers, Wery, Horlram and 
Cohhold, and Paschke and Kastner. 

kliich ingenuity has b^en display#^ i by various inventors during 
tiio last fifty years, with the object of providing some sort of catch 
which will come into play if the rope breaks, gri[) the guides or 
conductors, and so prevent the cage or skip from falling down the 
shaft. 

Many of them are actuated by a spring, and one form has 
already been mentioned while describing tlic cage used on the 
Comstock lode (figs. 207 aud 208). 
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While the load is hanging from the rope, flie spring ss is drawn 
into j)ORiti(»ri shown by the dotted lines by the lifting bar, r, tlie 
eye t)f which is figured in its two positions. The bar c is drawn 
up at tlie same, time, and the teeth tt arc held apart and kept 
<‘]f ar of tlie guides. If the rope breaks, the spring forces down 
the bar h and with it c ; the teeth jam into the wooden conductor, 
and the cage is arrested and held firmly. 

On the whole, these appliances are not regarded with so much 
favour in tliis country as they are on tlie Continent ; the objec- 
tions made to them in England are that they sometimes fail to do 
tlu'ir work at the right moment, and at other times come into 
action wlicn not reipiired. English engineers, as a body, are 
more inclined to endeavour to avert disasters by refusing to em- 
ploy any ro[)es but the very best, and by discarding them after a 
giv('n working period, even if tboy apparently show few outward 
signs of deterioration. 

The most novel hoisting apparatus is that of M. Blanchet, 
which was regularly at work at Epinao in France for some years. 
A large ])ipo was fixed in the shaft, and in it was placed a piston 
from which was suspended a cage carrying waggons. By exhaust- 
ing the air above the piston the load was gradually forced u[i by 
the atmospheric pressure below it. Tlie shaft was OGO yards 
decji, and the pipe w^as 5 ft. 3 in. in diameter, made up of a 
succession of cylinders of sheet iron about J in. thick and 4 ft. 

1 in. high, joined by llangcs and bolts. The 485 rings composing 
the long pipe weighed altogether 418 tons. The -cage had nine 
decks, and arrangements were made for unloading throe at a 
time; each waggon held half a ton, so that the total useful load 
was 4^- tons. The speed of hoisting w%as 20 ft. per second. If 
two hoisting pipes arc cotmcctcd, the dead w^eighbs may be made 
U) balance each other, and the power required is simply that which 
is necessary to overcome the w’eight of the useful load. The 
advantages claimed for this system are : (1) The possibility of 
hoisting from depths at which rojie winding would no longer be 
practicable ; (2) getting rid of costly ropes and dangers connected 
with rope-winding ; (3) better utilisatiov of the engine power ; (4) 
improvement of the ventilation and diminution of the amount of 
tirc'damp. At present Blanchct’a apparatus is no longer employed, 
but the disuse of the jnieumatic method is in no way due to any 
diiliculty in making it work satisfactorily. 



CHAPTER IX. 

DRAINAGE. 

I pjiopohe to (leal with the subject under the followinp^ headings : 
(1) Preventing inllows of surface or underground water; (2) 
Drainage tunnels; (3) Siphons; (4) Winding machinery; (5) 
Pumps ; (6) Co-operative drainage. 

The great iiii])ortance of drainage is not always realised. A few 
Jinstancos will serve t(i show that draining a mine may often be a 
more troublesome and costly operation than winding up the mineral. 
At the Mansfeld eo})per mines the steam machinery cm})loycd in 
1893 gciKTatcd altogether 11,672 h.p., of which 7730 h.p., or 
rouglily sjjeaking two thirds, were re(piired for pumping. In 1 892 
the owners of the Milwr lead and ziia; mine in Flintshire had to 
pump up about 100 tons of water for every t-ou of undressed ore 
drawn to the surfa(j(! ; a few years ago, in the ai'ea placed under 
the Soutli Staffordshire Drainage (,\nomissioners, 271 tons of 
water were being pumped for every ton of coal, etc., extracted; 
and in some mines in Pennsylvania the proportion is five tons of 
water to one ton of anthracite. 

(1) Preventing Inflows of Water. 

In mining, as elsewhere, “prevention is better than cure,” and 
care should be taken# to prevent as far a.s possible the entry of 
water from the surface, for it has been abundantly proved in 
many cases that the bu*k of \va: .r with which the miner is 
burdened is due to the }>ercolatioii of rain-water. 

It often happens that the mineral was quarried near tiie surface 
before underground mining was resorted to, and in that case there 
is ahviivs the danger of the old open pits forming ‘sinks, ^ so to 
speak, w'bich will collect water from the neighbourhood and let a 
considerable quantity find its way into the workings. To avoid 
this, the surface must he drained ; special care is iuiperative where 
191 
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tlic ground is cracked by subsidences, the noiglibouring 
stroatns should be examined and tlic water carried along in 
launders or tUber safe cbannels, if their ])eds cannot be made 
stanch hy filling the fissures with concrete. 

In ad(lition ieJ preventing the access of water from the surface, 
it is a.dvi.sal)lc to cut off underground inflows as far as jiracticablo. 
In f.Miapter V. a deseri})tion was given of impervious linings for 
shafis,^' and where water can be shut out by ‘tubbing^ or by 
‘coffering,’ the mine-owner is saved the constant exjieiise of pump- 
ing ; indeed, he is sometimes thii'i enabled to work deposits which 
he \\ould not be able to reach if he iiad to fight against the 
enormous streams issuing from certain strata. Natural springs 
and inlluxes from adjacent abandoned workings are sometimes 
shut out by dams — that is to say, artilieial stoppings —placed in 
lev('ls or shafts. They may bo made of timber, lirickwork, 
masonry or concrete, and, when intended for tem])or:iry jnirposcs, 
of iron. 

The first consideration in erecting a dam is the clioiec of a 
suitable site, for it is useless to 
take the trouble to put in a 
stanch stopping, unless the 
ground is firm enough to su])' 
]>ort it, and free enough from 
cracks to prevent- the water be- 
hind it from finding its way 
round to the front. 

If the ground is thoroughly 
strong, a dam may fie put in by 
cutting a recess in the sides of 
the level, as shown by fig. 211, 
and stopping the water fiack by 
a wall made of horizontal fialks of t-imbiT. Oak is usually 
chosen for the purpose. Before tlic timber is put in, the rock 
is very carefully dressed until the surface is perfectly smooth, 
and ready to receive a similar surface of wood. Each balk is 
wedged up againsi the side just in the same way as a wedging 
eurli, and the joints between fbe separate balks arc caulked. 

For heavier pressures the sjiherical dam is available ; it is con- 
structed of woodtai logs placed longitudinally and wedged very 
tiglitly. A w’ooden dam of this kind has tiie advantage that it 
will yi‘dd a little if there are movements of the ground, whereas 
a dam constructed of tn-icks might become cracked and leak so 
badly as to become useless; the W'ooden dam is more easily re- 
paired. Concrete dams are very readily put in, and ligures 
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212 .'nid 2 in re, - s. it one erecto.l ]al<’]v al a colliorv iti 
(2) Drainage Tunnels. 

AMicre tljo contour of Hk* couulrv permits it, mines may be 
draiimd naturally by tiimiels liave just onor-h slope 

tol.rmg r.iit the water. A tunnel of Ibis' bind is ^Jeimrally 
known as an ‘adit,’ or ‘dayd<‘vel’ Jn lolly countries n,in(‘s 
are olten \v<»rked milirely liy mills, and even for the deeper 



Flos. 212 JuiJ 21 VciLical i-fjclioii an*i lioruontal st'ctiou af a concrete 
fkiin in a lew*!. 

workings llie adit presents several a,d\ui)tages ; it lessens the 
quaniityV of water perc<^lating into them ; it <iiminislies the heierht 
to which water has to he pnm])ed; its outflow may he utilised for 
generating water power ; awd lastly, i‘ iiflbrds a natural discharge 
for 'water used for driving liydraulie engines nndei’ground. On 
aeeonnt. of Ua^se very important advantages, soim' long and costly 
adits have lieen driven in certain metalliferous districts. 

d'luis in the Hart/, the Ernest Augustus adit or drainage 
Uiiinel (“Ernst August Stolln ”) has been dri\eii a dislanee of 

Habets, “ Notc.siir IViiiploi ilu licton dans k>s Mines,” Ifer)u> Universe, Ik 
vol 1 ., Lnigi-, 1900 , p. 39 . 
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m'urlv ()J niik's Into tlie (’lausthal district" Ti\e total of 

llu' luJit, lucludini; its l‘randios, is no less than 14 miles. It 
int' r.socts many of the lodes at a depth of 400 yards from the 
stirfuei' 'I'lie loTal cost of this adit is estimated at £80,500.* 

Anotlicr lonjj; adit is the celehrated “ Hothsehonherger Stolln,” 
wiilch nn waters some of th(5 most important mines at Kreiberi^ in 
Saxony. Tlu' leiisfth of the main or trunk adit is more tlian 
miles; tlie i^ra.dient of tlu; [greater ])art of it is only 1*18 inch in 
100 yards. Branches of this .adit amoiye; the mines arc mure than 
10 miles in loni^th, s(^ that the total length of the main tunnel 
with its ramiiications amounts to about l'O miles Most of the 
mines are now drained hy it to a dcjith of ‘J50 to ,‘100 yards The 
cost of the main tunnel \va.s £‘,‘150, .‘h'U, or nearly £24 per yard, 
hut this includes the cost of eiLtht shafts, heavy ex[)oi)ses for 
jmiujiin;;: from these shafts, the wallinjj; of the adit for J mile, and 
all m'Ueral expenses. The len;: 5 th of time occupied in driving this 
adit was thirtydhree years. 

Tlu' '* Kaiser f lose) Krbstidln,” in llmmary, is anottu'r romaik- 
alile, mining tunnel, which was comnuaua'd in 1782 and comjileted 
in 1878, at a total cost of 4,599,000 tioriiis. It is 10-| miles in 
length, extending from the river (Iran to ihe town of Schemnil/, 
whert' it intoivects the lodes at depths varynig from 1.100 to GOO 
yards according to the contour of t.ho surface. 

In Bohemia 1 may mention the “Kaiser , lose f fl.’’ adit which 
drains the ITibram mines. The length from the month to tlie 
Stehxn shaft is 4$ mile^, and the side branches bring up the total 
length to 135 miles. 

The great adit of the Mansfeld copper mines was begun in 
1809, and was seventy years in course of construction, it 
roaches from Friedolmrg on the Saale to Eislcbeu The first part 
wa< drivim across the mea^u^es and is, in fact, a cross-cut, and it 
was then continued along the strike of the cupriferous seam ; the 
total length is now 21 miles. All tlie workings below its level 
extendnic for a distance of more than 11 miles have their w'ater 
])um})ed into it. The adit was driven wuh a rise of 1 in 7200. 
It is 9 ft. 10 in. higli and 0 ft. across in the rnidillc, wdiero it is 
the wddest, ' 

The adit at Montopom.t in Saidinia, is 3| miles in length, 
and reduce^ the height to wliicli the water has to l»e pumped iiy 
about 1(10 ft. 

* Biuiormau, “Nutt' on th«‘ iu*w Boop A4it in the Upper Hartz Minc.s,” 
I'ram. Min, Jssoc. CorniruU am/ Devon, 18t8, ]>. U. 

t Tt'lhili, “ I Prugn'.ssi nello Iniluslric Mnieiaiie e Mineraluigiche Itahaiie,** 
ludustfia, vol. v., 1891, p. 627. 
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A most impurtUxJ in Fnmcc is now iicMriuL" {■oin]>l('tioij ; 
it is being driven from tin- sea near Marseilles to nn water the 
important lignite mines of Oardanne. The adit wlu'ii finished 
will be l‘J! miles lomr, with a gradient of 1 in 2000. 

In the I'nited States many adits of great importanee have been 
constriieled, amongst wliich should be mentioned the Sutio 
tunnel, which enters the wmrking on the Comstock bode at a 
de]ith of 1700 ft. below the surface. The length of the main 
tunnel is ‘Ij miles, and the total cost $2,09r),r)r)6. Several lart^ 
adits arc now being driven in Colorado; the Newhoiise tunnel is 
oiK“ of the host known. 

Natural drainage is often impossible or insuflicient, and in sucb 
cases it is necessary to resort to artihcial means, viz., sipbons, 
winding machinery or pumps. 

(3) Siphons. 

These are used for draining minc.s in a few special (‘asos 
in which Ili<! barrier over wlucli the water has to be raised is 
very decidedly less than 33 ft. 

(4) Raising Water by Winding Macliinery. 

If the ipiautity of water is not execssive, it is often con\enient 
to use the winding machinery, and draw up the waiter m special 
buckets (av//er barrel^ hailf'rs) or tanks. The hucki't may be tilted 
over on reaching the surface, or it may be emptied by opening a 
val ve at the bottom. 

This means' of raising watei- is commonly adojited in sinking a 
shaft, when it may be desirable to w^ait till the whole or a portion 
of the pit is completed, before jmtting in the final ]>iimping 
machinery. The winter is usually lifted by hand into the bucket 
or tank, an operation involving a good deal of labour. Some of 
the hailing may bo avoided by collecting as miicli as ])ossible of 
the inflow' in a cistern above the bottom of the shaft, and 
draw ing off its contents by a hose m^o the bucket. This device 
is of no use for the w’^ator actually at tiie bottom, but bailing may 
be dispensed wdth even in this case by the adoption of an 
mgenious arrangement invented by Trof. Galloway, and ap})licd 
very successfully by him in sinking a shaft near Cardiff* 
(ligs. 214 and 215). 

* “Sinking Api'li.unvs iit Llanbittilai. h,” I'ruiu. South irale^ lust. /'Jug., 
vol. xvi,, 1888, [K 117. 
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]]<i u'-<‘s a cyliixlor with a valve the bottom as a water 
barrel. When it arrives at the liotlom, a piece of liose is attached 
by wliicli coinmunieatioii can be elTected with a pipe comiiijj: 
(lowfi th(' abaft and throii;jfh vliicli the air is being exhausted. 

d he valve in the bottom of the cylinder 
opo.n^jind the water rushes in. A glass 
water-gauge shows when the barrel is 
full enough, and it is then immediately 
drawn iij). On arriving at the tt^j) of 
the ]»it, it is lowered on to a trolley 
carrying a projecting eouieal block of 
wood, whii'h knocks up the valve in the 
bottom and allows the coutenls to run 
out 

When there are means of allowdiig the 
water-1 >arrel to plunge oith('r into a r*ob 
leetini: pit (s/o//;?) or into a castiTu, it 
max he tilled automat ic.ally, ami it is 
(‘asy to make it self-disehargimr Trof. 
Oallowuy’s airaugements are vsh(»wn iiy 
ligs. 216 and 217. ’i'he former repie- 
sents his automatic water tank with one 
side partly removed : a is the xxiudiug 
ro]>e, h the tank, xvhich is guided iu its 
deseenthy the studs c (tig. 217) rumiiiig 
U[»ou the guide ropes e. At the suiface 
Ems. iiud 2ir. - the tank is further stcadic'd by side- 
Gallo\viiv’.s waUr-ltaiml. groove's, made of angle-irons c/, which 
a, dooi for entering harn-l clasj) the studs. When the tank is 
it iccjinn'd ; h, fl.it .‘ast- lowered into the cistern, the valve k 
ir..n valvrulto,.hr,lto the , ,, 

.spindle h ; c d, liottoni . i i i , 

pUiGofthclKsn-cd ; e, .sec- the tank is then wound up to the 

tion of 1 he valve showing top, where the short, lever at o comes 
univer^td joint attach- in contact x\ it h a })iece of timber ; the 
lm."t ; I vvatcr iiip..,, ).io- ,j, lift,.,) ^nd 

vith'd at tlio end A: with , , , , ,, , . 

a coupling, to wdneh the the water rushes out by the sloping 
suction hose is attached ; nHulh f iiitii a wooden trough or launder 
' "d watei -gauge. >//. The bar p is movable about the 

point 7 , but it is kept down by the 
weight 7/ attached by the chain s; / is one of the pieces of 
timber to xvhich the iixed guides are fastened ; and lastly, w is the 
Kusjicndiiig how xvhich passes quite round the tank and forms a 
])rojei',ting loop at the bottom. 'This hoxx’ protects the bottom of 
the tank while it is staiidiiig in the cistern. The tank holds 212 
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The arnitigeiuent just ilescrihed was eiuployed by Prof, 
(billowiiy wljeii siiikinL(, Imt it is equally available as a pennaiieiit 
method of draiua<;e when the (piautity of water is not considerable. 

The water is allowed to accumnlate in 


I 



Kig. 21 7. —Gal low ay’s 
'Witei tank. 


a sump at the bottom of the shaft 
during the daytime, for iiistanee ; and 
at night, when no mineral is being 
wound, the oi-dinary cage is taken off 
and the wat(‘r barrel substituted for it. 
T 1 0 wat.or-barrel is also useful as an 
auxiliary, when the ordinary jmmping 
machinery (»f a mine is unablt^ to copi' 
with siaiie unusual influx of uaU'r, or 
lias to be stop})ed for repairs, 

(b) Pumps. 

The principal method of extracting 
w'ater from undi'rground working is by 
jmmping. 

The vaneti(‘s of jaimps used m mines 
are numerous. In small sinkings, hand- 
pnmps, either <liree,t-acting or rotary, 
may be applied ; jet puinjis, worlo-d by 
steam, waiter, or air, are sometimes seen, 
and pidsometers are eommon in certain 
special cases ; but wdien w’c examine tbe 
permanent machinery erected at large 
mines of considerable deptb, we tind 
that the }jre\ ailing tyjies of pumps are 
fewa 

Tht' y may be, arranged in two classes 
acciJi'ding as tbe prime mover is above 
or behov ground. 

'Hic prime moker on the surface may 
1)0 driven by wind, waiter, steam, gas, 
or petroleum. Windmills have the dis- 
advantage, which is often fatal, that the 


])ow'cr is not constant ; the same may be 
said of water jiower derived from brooks and rivers, wliieli some- 
times dry lip ; but the twm cases are diflerent. Streams dry up 
slowly and gradually, whilst air currents spring up or die away 
suddenly. By erecting an auxiliary engine, which can be set to 
work if the wind fails, the evil is overcome ; and this remedy is 
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H.U -.nvr " 'L. miiies ill AiigloBoy, where a windtuill lias 
been ill use for many years for working ])Umi 1 )s. T1)(‘ granite 

quarries in (Guernsey are nearly all drained by small wiud- 
inills. 

Water })0\Yi;r was for a long period ilu' [)nnci)>al»ag('nt employed 
in draining mines, and it still is of ifu* greafi'st use in many 
districts, reservoirs being constructed to collect and store the 
rainfall. 

Walter jiower is applied to piinqimg mnehinery by water-wdieels, 
tin bines, and rotary or non-rotary w^ater-prossuro engines. Kx- 
cepting in the case of the latter, the rotary motion has to be 
converted into a rociproeating motion by a era, id; ; and fiu’tlKT- 
more, with turbines the speed must b(‘ reduced very considera.bly 
by iiit(U*niediate gearing. 

Overshot wheels are the commonest prime movia's for wa irking 
pumps by water power; they are fre<pi('ntly from dO to oO ft. m 
diameter, and at the (iriMt Laxey mine, in the Isle of Man, one 
of the wheels is no Jess than 72 ft. 0 in. in diameter and 0 ft. in 
the breast. The power is conveyed from the water-wheel by a 
connecting rod to a quadrant or ‘bob,’ like a bell-crank, jilaced 
aiiove the shaft ; and when, owdng to the contour of tlu‘ ground, 
the wheel has to be ere<*ted at a distance, it is often eonnee.ted to 
the bob by the so-called ‘liat rods,' which nre beams of wood, bars 
of iron, or jiieces of wire jope. They are siipjiorti'd by pidleys or 
iqiright o.scillating beams, and travel bmdiwards or forwaids vvitli 
the motion of th<‘ crank. 

Water-pressaire engines share with turbines the advantage of 
being able to utilise any amount of fall, ami direct -acting water- 
pressure engines cun be ap})lied immediately to the mam rod nf 
the pumps. 

Steam is, however, the power used /jar ejrollrnrc for working 
pumping machinery, ami the great inventions of Kewcomm and 
Walt owed their birth to the necessities of mines, whiidi could no 
longer be drained by the water power availahle on the spot. 

The type of engiiic known as the (kiniish emaiiio is a siiiglo- 
aeting ooudeiisiug- fieam engine, w'orkmg expaiisivcdy', having the 
number of strol:es regulated by an .Tangement called a cat.araet. 
The cylinder of the Curnisb engine is sometimes inverted and 
stands over the shaft, the main rod of the pumps being attached 
directly to the piston rod. 

Whore coal is voiy ex{)ensivc owdiig to the cost of carriage, 
a petroleum engine may Ihj a convenient source of ]>o\\er for 
pumping on a small scale. 

The power gom'rated at the surfa(;e is transmitted to the pump 
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rods, cou)|iresso(l air, watt-r, or \ 'Jlio rods are pr(‘fcr- 

ably iiuidti of wood, ]jiit u roiiji;!)!. iron or fctc'cl has been used. 

Wooden rods in this e.ountry usually consist of jiibdi pine 
beams of stjuare section, united b\' plates of iron or mild steel 

{sfrapjilHfj a, A, c. 



1118), which are held 
tog(‘lljer by bolts, the 
bull end of one beam 
IxMug broupdit aeamstlhe 
butt t'lid of the next. 

Tin* iron or steel lods 
are eitlu'i solid bars of 
round lion (jr or 

beams built u]» from 
an^de iron or aiyule stei'l, 
so as to obtain (In* de- 
siied sliliiu'ss \\iti)(mt 
nndut* wticdit 

Th(' lonp^ beam, made 
up of a sue.eessioii of 
pit'ee.s, eonstirutes ubal 
IS called a main rod or 
s(>ear rod. it liani:sd(>\\ ii 
the shaft, either fi-oiii tie* 
{‘nd (tf tin; beam of the 
enjjfiue, or from a (inad- 
rant \\lien the eyiinder 
of tdic pumpiiif^ engine is 
boiizoTital. Wiiere tlie 
^dlaft is inclined, the 
main rod has to be sup* 
porti'd at suitable inter- 
vals bv eylindi'i’s of cast 
iron or stei*!, known as 
‘shaft rolls.’ 

'file main rod just de- 
scribed transmits the 


motion of the ene,ine to 


a pump or several putn])s in the shaft These pumps arc of two 
desci iptions • either lifting; pump'^ or fovce-juimps. The lifting 
pump or dra\Mng lift (lia. iJli)) eou^ists of the wind-bore or 
suction pipe, the claek-piece or valve box, the clack-seat piece, 
the woiking barrel, the bucket with its rod, and the cidurnn. 

The wind-bore, or snore-pieee, as it is somelimcs called, is a 
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cylinder of c.im terminating in an 

sli:t[K'd or a ilat bottom, witli a ninnber of holes 
throu;jjli whicli tlie water is sncked uji into the 
])(ini|). 

The cl.ick-piece is a .slnnl cylindt'r of east 
iron with a ilat side door fastcTied by i>olts^ for 
the piu’jKtse of p;eltiu|jf at tie* vaUe. It re- 
eei\(‘s tiic seat on winch a clack or val\(j woi'ks. 

Tin* clacdv sc'.it piece is not alnaVs us<‘d ; but 
it is often put in as a matter of pi'ecaution, in 
case the ive-idar va]\e should accidentally fail 
while tin* ]mijQps are nnder water. 

^Jdie waa'kmjjf barrel is a east iron cylinder, 
carefully bored so that the bucket may work 
Brnootbly and exactly ; occasionally it is bushed 
W'lth brass. 

The bin-ket is merely a moving valve, con- 
sisting usually of a hollow cylinder of east iron, 
surrounded by a band of leather or pnittapereha, 
and earrying a leather e.laek. The rod to which 
it is attaehed may he of woo<l or iron, and it 
may w-ork eitluT inside tiio column or outsiile. 
Fig. 211) ^llows the (ainimoner metliod in this 
country, though llie system shown in tig. 220 
is cm])lov<t both here, and on the other side of 
tlie Atkintie. S is the wind-hore or suction 
pi[)e ; V the lixed idaik or valve; F the bucket 
with its valve r, ttuoing in tlie working barrel. 
The rod to whit'h it is lixed passes through the 
stiitling ])ox y, and is connected to tlie wooden 
rod Ik The culumn of }>i]K!s, madi* of riveted 
slii'ct iron, llirough which the water is liftetl, 
is sh( iwm by C. Three sheet-iron eylindi'rs riveted 
together Ibrni one section, hiaeh seetion is pro 
vided at botli ends wTth a cast-iron flange, and 
two adjacent sections arc^fastened + ‘gether by 
bolts. Thu cast iron pieces H carry die .stutiing 
box, and join tin* column to tlie working barrel. 
Lap welded sheet-iron pipes may take the })la.C(‘ 
of tile riveted })ipes of tlie ligure. 

The column of pumps m tiiis country is 

* TLiViio, “ Milling Indii.stry,” thiitrd States Geological 
KcplonUion of the Fortieth Faralhd, Washington, 1870, 
[>. 121 . 



^20- — Lifting pump employed at miut-b on tne Comstock lone. 
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g(‘ner:il]y ina«le of ciiNt iron pipos with fhojges. Pi})es of sheet 
iron ami stool hav(> the a<l vantage of lightness, an iuiportaiit 
mailer when transport is expensive. 

'Ihe force jminp used in mines, known as the plunger pump 
(hg. 221), consists of a solid piston 



Fm. 221. — Force ]tunip or 
plunger pump in bliaft, 
vertical set'tion. 


{jflu.Vfjf-r) wr.rking through a st idling hox 
in a long cylinder standing upon a 
special casting known as 'the 11 -piece. 
This is so called bcoanse it is made ii}) 
of two ])arallol cylinders, like the two 
upright limbs of the. letter H, which are 
connected by a horizontal pipe like the 
(Toss'har. The 11-pieee has a valve im- 
mediately above the wind here or suction- 
pipe. In the liguve the wiiid-hore is 
flat ended hecanse it is re4ing in a cistern. 
Above the 11 juecc eomes tlu' dom -piece 
with another valve, and then a series of 
pipes, the ‘ (‘oliiimi,^ generally of east 
iron, hut sometimes, as already stated, 
of wrought iron or steel. 

The jihinger pump can claim su])e- 
riority oviT I ho lifting ))ump for several 
reasons; it is less likely to get out of 
order, and, if it docs begin to fail, its 
shortcomings are more ijinekly perceived 
and more easily temedied. 

Ill cases \^herc the mine is being i*ou- 
tinually doe])Oiied, a process going <ai 
contimially in vein-mining, a lifting juimj) 
is fixed at the hotioiu hi'causc it can so 
easily he leiigtheiu'd ; it lifts the wati'i* 
into a cistern in which stands the wind- 
horc of the plunger pump (Hg. 221), and 
the remainder of dhe pumping is done 
in stages liy a succession of force jaimps, 
the < vind-bore of eaeli fnree pump stand- 
ing in a cistern fed by the next one 


below it. 


Tlie Rittinger pump is an imjKirtant tyjjc which has been intro- 
duced on the ConliiKMit in order to remedv one (d the defects 


of the ordinary pumping plant, viz., its intermittent inhion. 
'fhe (lornish engine makes a sudden start, the ‘outdoor’ eml of 
the beam goes u}), and with it* the fnain rod and the plungers; 
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Uiou comes a and all tins time no useful work of raising 

water IS being done, liiistly, tin* beam and tlie main rod slowly 
descend and the jjlunger.s force up waler. Tlio actual work of 
puin})ing proper is accoinnlisbed in a short jiart of ilie time 
occu}»ied ]>y a double stroke. It is evi-lent tliar. a smalh'r engine 
doing W’ork continuously wmikl be just as cHicient as tbo large 
one acting at intervals. The Uitl'ng(T pump is a ddr’^rent lai 
])nmp, with two hollow plungers, one H\ed and the otlno* nmving. 
Its action cannot be umlerstood w itlnuit a ligme ; suflici' it to say 
iliat watei- is disebarged coiitinuousl} both on the dowm and on 
the ufistroke. 

Tlie wi'iglii. of the main rod with its strajipniL*’ plates or (dher 
connections is greatei than is reijnired fur the purpose of forcing 



JFia. 222.— lialance bol. 


up the column of w^ater in the pumjis, and overcoming the friction 
of the various parts of the machinery. It Ih'coiucs necessar), 
therefore, both in order to avoid useless waste of power in lifting 
the main rod, and to jirovent its descemiing wdtli too gi('at a 
speed, to counterbalance so much of the weight as is not actually 
cinjiloyed in doing useful work. The I’oriimoiiest form of couiiti r- 
halance is a ‘ boh.' silch as is shown in hg. 222. It is aheam, d d. 
wairkiiig ujion pilots {cindfj(‘A)iid) L\ whi<‘h lie in bras^es ; (be end 
e, called ‘the nose of 11*0 bob/ is Tladied to the main rod hy a 
long connecting rod, w^hilst g is a box which is tilled, or partly 
filled, with old iron or stones. The lieam is still’ened hy the up- 
right ‘ king post ’ a and the straps h r ; f f ff are stajdes and 
glands fastening th<3 casting 7n to the beam, and i is the ‘ bishop's 
head ' at the top of the ‘king post.’ (mst iron beams, iirecisely 
like the beams of certain steam engines, fulhi tlic same office in 
some mines, and the counterbalance is a huge piece of cast iron. 
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Ihere is usujilly ?i Muiiimce Lob’ ut Uk Ml'rfaco, anrl others are 
fixed at iiit/erv:ds in larye recesses {holt plats) cut out in the sides 
of t!i(‘ .shaft. 

Provision must be made for a possiiile brciik<‘i;,u 3 of tlio main 
rod, whiedi mi^i;)it have a \orv disastrous result. If sneli an 
accident hapjiened witliout any of the ordinary safe^niards. the 
beam would come down with great force and play havoc in the 
eugiiif* house, whilst the main lod dropping in the shaft would lie 
sure to do damage to the pumj)s. The ‘indoor’ end of the 
eugme-lKiam isllau-efore fitted with two projecting arms of iron, 
which conic' down so as almost to touch two strong timber beams 
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at every stroke ; if a breakage happens, these arrest tlie motion (4 
the engine-hoam before it has had time to <io any harm 

C atelu's are alrio fixed in the sliaft ; they are strong Learns of 
timber stretching across the shaft and resting in good ‘hilches,’ 
with the main rod working between tbem. ‘ Wings ’ attached t(' 
the mam rod are so adjusted that tliey all fait baicli the lieaius 
at the end of caeli down-stroke of the rod. A catch of this hind 
limits the ptissihlo fall of the rrhiin rod to tin*, lengtli of the stroke. 

The cmub<Tsome nature of rods, with all tlu'ir heavy strappiiAg 
plates, catches and counter-balances, lias long made the miner 
seek for some simjiler method of transmitting power, Tlie 
problem has been very successfully solved by Afoorii’s liydiTiulic 
system of transmission, adi>])ted in Scotland and the United States. 
A hori/untal engine i rected at the surface (fig. 223) works two 
rams d d', and these force water down tw'o jiipes E E' to the 
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unflcr^rotHitl T> ! >, I)' D'; g (j arc va]\('s tljianigli which 

walt'r siii>|)lu'fl to the ])rcBsure ]tipes from The 

])laiigcrK of ]) I) and T>' 1)' are attached to a eross-h(‘ad t- 
carries the two pnmpiiig pluiigors A and B. Tfic ram il foices 
water into llio two poAver raiiw J), and the ra*a <'/' into the two 
op})os]tc ra)nH 1>', If wtiter is la'ing drn’on down hy the cross- 
head r will he moved towards li ; the mine Aiater will he h'reed 
up hy its ])lunger and suckl'd up hy A. At the same ' .le the 
jiower water in 1 D' will he driven hack a htth' way, ready to 
move in the op])osito direction as soon as i/' maki's its stroke. 
The underground pnm]> thus folloAvs precisely the movement of 
the engine at the surface. 'I'lie pressure in the transmitting })ipes 
is not less than lOiMf llis. ])cr »<{. in., and this enables small pi])''s 
to he used. Kaselowsky's system is similar. 

Whiirc compressed uir is furnished to the wa)rkings generally, 
for the purpose of driving rock drills, coal-cutters, vviucIk's, etc., 
suppliiis may he tiikon from the mains in order to oficrate small 
direct acting pumps. As pointed out in ( hapter IV., tliero is 
gread eonveiuence in using air in situations far n'luoved from the 
pit bottom, wliere steam is jiractically out. of t,h(! quotion, and 
air has the furtlier mh'antage of causing no sparks, a danger 
whicli may be apj^rehended witli eloi'tricity. 

The simplicity and clliiaency of cdectrical transmission arc 
daily' hecoming more and more apparent to the miner, and it is 
not surprising to tiial an mereasing niimher of applications in the 
case of jmmpiiur mm hinory. Many largi- plants havt' been (‘rec.ti'd. 
One of fia- iavgesT is a,n engine of UXtO h.-p. lifting G cubic 
lUftres (Idi^O gallons) of water pi'r minute to a heiL'lit of 450 m. 
(Tl7() ft.). Plunger ])umps worked by clcelricity mostly take 
tiie form of three rams driven from a common crank shaft, fixed 
ujioii the same bedplate as the motor. Jii the early installations 
the high speed of the imdor wais reduced hy gearing, so as to give 
tin* craiik-sliaft a imraher of revolutions jter minute suitable for 
jiumping, hut now the (piiek-rnnning piimjis of Biedler. khihardt 
and Sehmer and oyiers can be Avorked direct from tlie motor 
shaft running at a speed of oAmr 500 revadutions per minute'. 

Pig. 2-4 diow’s Khrliftrdt and ''Rohmer’s quick running piinqi. 
The. tAvin doiihl e-plunger ])ump of this firm, w'ith a stroke of 
15 J in. (400 min.), and a ])lunger diameter of 5J in. (152 min.), 
running at 14G reA'ohitions a minute, will raise GGO gallons of 
W'ater (3 cubic metres) to a Iieigdit of J70t> ft. (520 m.) in that 
time. 

We noAV' come to the cases in wliich tlio pijrnc niovi’r is placed 
underground. 'I'hc advantage of this plan is evident, for it enables 
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UK to dispcuso witli most of the transmitting appliances, besides 
being L'cnerally more ecoiKimical in first cost and more speedy 
in ereid.ion. The great objection is the danger of tlie maL'hinery 
being ‘drowned’ by an influx of water, and so rendered 
useless ; a misliap of this kind would involve the erection of a new 
jiuixiping plant for draining the mine. 

Tbidorground prime movers are steam engines, water jiower 
euginet', and pi'i.rnleum engines. 

dhe steam may be generated above or below ground; if the 



boileis are jdneed above ground, as is almost invariably (be ease, 
great e.are has to be taken in jaeketing the steam pipe^Uiieh comes 
down the shaft, in order to prevent loss of beat fiy radiation and 
tin' consequent improlitable ex]jeiidituro of find. 

The steam engine is generally horizontal, andet mayor may not 
liave a lly wheel. The jdungCT is placed in a line with the piston 
rod, and forces t)i<‘ W’ater up one long column of pipes, ’fhe fieight 
to w'hich such a column can be taken is governed by the strength 
of the pipes, and the difliciilty of making joints suificiently tight 
to resist pressures measured by hundreds of pounds to the sipiare 
T^^>'ivike mine in Helgium the column is 630 yards 
(r>76 rn.) high, which moans a pressure at the bottom of ’ 55*6 
atmospheres, or 817 pounds to the square inch. 
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225 :in0 '/e a i^eiioral idea of one of the nnderp'ouud 

puiupiiip; (^np-juos .at Mun&h-ld. If. is a horizontal conipound 
engine wording four j»lnngers or rains. A is the high-pressure 



cylinder, T> tlu' low pressure cylinder, C is the fly-wheel, I) and K 
are cross-heads connected by rods F and (i, and sirnilarly, 11 and 
1 are cross-heiids connected by the rods J and K ; L M N O arc 


Fig. 226,-- Direct-avtinfi pump, ManstL'ld coj»j)f r mine'?. Fjan. 
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tho four rams, each OJ in. in diamet/cr. Laving tin' .saim' stroke 
as tlio [)iNt(HiS of tlu' I' P’ and Q Q' are delivery pij^es 

leadnj '4 to a main rl(*liver\ ])ipe IL which j^oes to tlu' risinij; main 
in till sliaft. Wlu'U tlie oinjcnK' is work in, at the rate of 1)0 
revolnlinUN per minute, it is <*a]eu]aied that it raisi's 1540 p^allons 
of waiter ])er minute to a total hei.;^dit of OJlI ft. 

In addition to the pnmji^ just ile.serihed, certain special forms 
are oc' asionallv em])loyed in mines, such as the pulsometcr, the 
eentrifugaJ pump, ami llie I\)hle pump, I’lie first is a steam 
pump in w'hieli the stc'am act^ directly upon the surface of the 
wati'r without the inteivention of a piston. It is much employed 
at mines and quarries for heip;hts not eyeeediii,i;’ 70 or 80 ft. 
It wall pump muddy or .aritly water; it occupies- lit tie space, is 
v('ry jioj'tahh', and is easily iixed ; in fart, it may oven he hune; 
in a shaft from a chain , it reqiiiies no special attendant, and will 
^o on workiiio h} itself as lonj]; as it i.s sujijilied with steam. 

Oentrifngal ]inm])sare especially apfihea hie when laroc' <juantitie,s 
of waLi'r have to he raisetl t»f ;i small )n-i<rht., not. c\rei‘dini 2 alunit 
SO ft, (25 m.). They art* simple, Iiave few weaiim.; jiarts, and 
taki' up little room. As tlu'y iiave to he drnen at a liitdt speed, 
the axle of the ]>ump max Ik* coupled din'otly to tlie shaft of an 
eleet.rie motor. Por lii'iuhts exei'(‘<lin;j: 25 m,, sua;al]('d hieh-lift 
eeiitrifu^al pnmj»s are em}ilo\ed with twi/ or more coiujiartirn'iils, 
the si'cond lakine; tlie wali'r diri'ctly from the tirst, the thnvl from 
the second, I'te. Simple eentrifiieals may he used as ])ilot jumips 
in sinking' sliafts, and tliey e.aii eoineniently he luiiii; fi,om ehains. 

The Tohle pump is the simplest in (‘vi.^ti'iice. Jt is nu'ri'ly a 
[)i])e [ihiimed into watiw xvith a jet of eoni])ress<‘d air hroimiit in at 
the bolloni. As the hiihhles of air aseeial tlu'V eaiaw u[) water" 
with Uietn, lull their elheleney is small. 

(6) Co-operative Pumping. 

Owing 1.0 the snh-dixision of property in this country and want 
of ajipreclatioii of the imjiortance of the .siiliject, too litl le atlen- 
lion has heen paid to what may ]>e called co-ojierative draiiiagi'. 

One suuc('s^fu] a.jiphcation^of this pfineipli', -howexmr, deserves 
notice. The South Staflordsliirc Mines Jlraiiiage Oommission is 
a corporati' body eonst.itutod under several Acts of Pailiament 
for the purjfose of carrying on the drainage of mines in parts of 
South Stafrord''hire and Kasl AVoreostershire. The Commissioners 
have power under their Acts to levy a rate of 9d for every ton 
of Coal, slack, and ir<)nstonc rai.'-ed within a certain district, and 
3d, for every ton of fireclay and limestone. 
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Tt is not inei l \7 ercotint^ pnmf>inp: cn^i^ines of the inost 
a])j)r()vcd and cconoinjcal typos a(, snitablo cetd/res that the 
Commissioners have done good work ; the results of their labours 
in preventing surfaee water from tinding its Avay down arc also 
well worthy of record. 

According to the annual report published in 1892,* 27J tons 
of water were raised for every ton of mineral extracted from the 
mines, and at tfie cost, so far m.s the Commissiemers’ engines were 
coueernp<I, of 0*18 of a per.ny, or less than one farthing, per ton 
of water raised. 


CoUierif Guardiiin^ vtil. lxi\., 1892, ]•. 648. 



CHAPTER X. 


VENTILATION, 


The retuarlis made at the hoginning of tlie provioim chapter 
may^ to a certain extent he ro[K;atcd in tlie case of ventilation. 
It often appears a small matter to supply a mine with an adeipiate 
fpiantity of fresh air, hccause Natun' unaided will in some 
instances do all that is needed. Jhit when we are dealing 
with coal seams omitting large quantities of dangerous gases, 
the question of ventilating the workings, often spreading over 
a very eonsideauhle area, assumes a totally different as])ect. 

At the lionchamp collieries in Franee, uo fess thim -I7f- r-iihio 

’ artmt'iits, 


Volume 

□ 
of Coat 


Volume 

of 

Fire damp 


Fio. 227. — Squares indicating hy their areas 
tlie jnoportioii hetueen the volume of the 
coal extracted and the voluiiic of the 
liie-danip emitted at the Konchain}> 
eollierie.s, France. 
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loss a little high ; nevertheless, it ii 
country to have such ratios as h, 0, or 8 to 1 
of ventilation thus becomes very manifest. 

I propose in this chapiter to expl.ain first the causes by 
mine air becomes polluted ; secondly, the methods and appli. 
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by whii^li ourmits «.i *ar arc prodiictvl and made to circnlat<‘ 
through tlie workings ; and thirdly, the mode of testing the 
quality of the air and measuring its quantity and pressure. 

(1) Causes of the Pollution of the Air in Mines, 

*Tlic atmosphere of mines is subject to various iiihucni Cv« w>nch 
are constantly lemlering it less lit for supporting life ; not only 
do noxious gases escajH} from the rooks into the imdergro\nid 
^excavations, but the very agents themselves ein])loyed in the 
execution of tlio work pollute the air continually. We therefore 
have to deal with natural and with artificial causes of pollution. 


Weight 

of 

Cod! 


Weight 

of 

Air 


Fig, 228, — Squaieh indicating Ly their area's the [n-oportiou behveeii tlie 
weight of the coal exlractcd from the Roiichainp collieries and the 
weight of the air sent into tliein. - 

The two most important gases which issue from the rocks 
aud trouble the miner are mothaiio aiid carbonic acid ; iii addition 
there may occ.asioiiallj’ be sulphuretted hydrogen, vapour of 
mercury, and vohitilq hydrocarbons. 

id ethane, CIT^, is a colojirless, inodorous gas wdth a specific 
gravity of 0’5G (uir=l). It h. s nc Jrect poisonous properties; 
but if present in sufficient quantity, it so dilutes the proportion 
of oxygen that the atmosphere is no longer capable of snjiportirig 
.human life, and death ensues from suffocation. IVl ethane is 
inflammable, aitd it forms explosive ^mixtures with air; the 
explosive force of the mixture is greatest with 9 ’38 per cent, of 
'the gas. 

, It is the main constituent of ‘fire-damp,’ the name given to 
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inflammable gas found in mines. Coal is a great storcbouefii 
of tire-<lam}), wliieh exists imprisoned in thsL, pores of ;Jie 
mineral in a highly compressed or possibly liquid state, and 
escapes gradually, sometimes with a hissing noise. Occasionally 
l^lrg(^ accumulations of fire-damp are met with by the miner, and 
the emissions may go on continuously for years. 'Idiis is in no 
way surprising, if we reflect upon the vast quantities of gas now 
shut U}) in various rochs, which are set free by mere boreholes 
from the surface in the United States and even in Sussex. 

The ])rescnce of fire-damp is by no means confined to coal miiie^ 
as some might suppose; in this country it is found in small 
quantities in the stratihed ironstone of the Cleveland district, and 
also in the Cheshire salt mines. Mill Close in Derbyshire, 
Holway Consols in I'linlshire, and the Van in Mi)iitgomeryshire,' 
may be cited as examples of lead mines where explosions of fire- 
damp have happened; indeed a portion of the first-named mine 
is still worked with safety lamps. 

Turning to -the Continent, it is not surprising that large 
quantities of fire-damp are mt't with m sinking oil wells in 
Koumauia, and in the workings for ozokf'ritc in Galicia. There 
are probably dew, if any, mines more fiery tJian the ozokerite pits of 
Roryslaw. Explosions have often happened, and the mines have 
to 1)6 worked with safety lamps. However, it is likely that both 
here and in the oil regions generally the inflammability of the 
atmosphere is dne not only to marsh gas, but also to the vapour 
of volatile hydrocarbons given off by the crude petroleum, which 
may be seen on the floor of the workings. 

The sulphur rock of ^Sicily emits fire-danjp very fre(]uently, 
and the official list of disastrous explosions shows that it is 
ail enemy not to he despised by the miner. 'J'he gas fills 
cavities existing in the sulphur seams, and also comes out of 
the bituminous shale of the partings ; it is called antimonio 
by the men. 

Carbonic acid, COg, ivs a colourless, inodorous gas ivith sf 
slightly pungent effect on the tongue. Its specific gravity is 
1-5 (air— 1). It is not combustible, and it will not support 
combustion. Like rnethanij, it occurs under pressure in the pores 
of rocks, and it may escape in very considerable quantities 
Huge emissions have been observed in workings for coal, sulphur,' 
and metallic ores. At the Uochebelle* collieries in France, ther6 
have been sudden outbursts causing loss of life in several cases, - 

Pontgibaud lead mine in Central France is likewise remark- 

* Lange, ‘‘ ddgagoments d’acide carhnniqiio aux minos de Rochebelie,?* 
Bull, Soc, Ind. Min,, vol. vi., serio, 1892. 
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able for formidabl ’ ts of carbonic acid gas ; they probabl}' 
represent the last dying throes of the volcanic activity wlii(jh 
once characterised this region. The quantity of gas was sonictiines 
great enough to ])artly lill the levels, where, owing to its high 
specific gravity, it lay on the floor to a doptli of a foot or moJ c, 
whilst the miners felt little inconvenience, as they were breathing 
a stratum of fairly pure air near the roof. 

Sulphuretted liydrogen, is a coloui'leas gas with Iho 

easily recognisable odour of rotien eggs. Its specific gravity 
is 1*19 (air=l), but, unlike methupe and carbonic acid, it has 
■decidedly toxic properties. Its presence has been noticed in 
lead mines in this country, and it is of frequent occurrouee 
in the sulpliur miiu^s of Sicily, where the wat(ir is soinetuucs 
saturated with it. 

Small (luaniitics of mercurial vapour are stated to be found 
iu quicksilver mines and to be the reason of their unhoalthiness ; 
•but Olio f(Jols inclined to suggest that constant contact with 
native mercury or cinnabar, inhaling the dust of the miniual, 
and allowing some to enter the stomach from eating w’ith dirty 
hands, may jtossibly account for all the symptoms of poisoning. 

As already stat(‘d, the pollution of the air is not duo solely 
to gases introduced naturally from the surrounding rocks ; 
several artificial causes combine to render the atmosphoro of 
the mitie unfit for life, and among them may be mentioned 
the following : — 

(a) Respiration of the persons and animals in the ])it; 
exhalations from their skin, and emanations from 
excrement left underground. 

(h) Combustion of the lamps and candles used for lighting 
the working places. 

(c) Explosions of tin^-damp and c(>al dust. 

(d) Underground fires. 

(e) Absorption of oxygen by coal, pyrites, and other minerals. 

(/’) Decay of timber. 

{(j) Ex[)losion oT gunpowder, dynamite, etc. 

(h) Dust. 

(i) Air delivered by compressors, occasionally. 

(a) and (h) Dr Angus Smith reckons that two men working 
.eight hours, and using J lb. of candles and 12 oz. of gunpowder, 

f roduce 25*392 cub. ft. of carbonic acid at 70° F. — viz., 
0*32 by breathing, 12*276 by candles, and 2*796 by gun- 
'powder. 
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It is coii«i(l(‘rod }>y uuHlical autlioiities that the injurious cfTects 
of brcathini^ an atinusjdicro j)ollutc(I by the products of respira- 
tion are due more to the organic inattor than to the carbonic 
nc.id it contains. The (juanOdy of carbonic acid produced by 
breathing serves, however, as an ind(5\ of the amount of organic 
pollution. 

(c) When carbon or a carbon compcjund is Inirnt with an in- 
sidhcient snj)ply of oxygim, one of the I’esultant gases is carbonic 
oxide. 'I'liis is a colourless, inodorous gas with a sjjecilic gravity 
of 0‘97. Its ]){)ison(>us }>roperties arc very marked. An atmos- 
phere (umtamiug only O'OT per cent, produces headaclie and 
giddiness if breathed for some hours; if the (juantity is increased 
to 1 f)cr cent, a {)erson falls down imconscious at ouee, and death 
will ensue unless he is sjiei'dily rescued 

The. name ‘after-damp’ is given to the gases resulting from 
an explosion of firedamp or coal dust; these gases are mainly 
carbonic acid, carbonic oxide, and nitrogen mixed in various 
jiroportioiis. 

The miner owes a debt of gratitude to Dr Haldane,* who was 
the first to point out that the majority of the victims of explosions 
ill coal mines die from suffocation by carbonic oxide and not from 
the violence of the oxjdosion. This fact lias an imptirtant bearing 
upon the best means of rescuing possible survivors. 

(('/) Underground fires due to burning timber or burning coal 
are other sources of carbonic oxide in mines, and as tlic gas 
is so exceedingly poisonous, a comparatively small hre may 
have very disastrous etiects. AVhere iron pyrites is present, 
as is so often the case in coal, some sulphurous aciil is produced, 
and in the exceptional case of workings for native sulphur the 
cjuautity generated is sometimes quite large enough to cause 
death. 

At one of the recent fires at the Broken Hill mines, N.S.W., 
it was noticed that pyroligneous ether resulted from the dry> 
distillation of somo of the timber, and produced intoxicating 
effects upon the men wdio happened to be exposed to the 
fumes. 

(c) The so-called ‘black Hamp* of mines f is air deficient in 
oxygen and containing a very decided excess of carbonic acid. It 

* Haldane, ‘‘Report to the Secietary of State for tlie Home Department 
oil the Causes of Death in Colliejy Explosions and Underground Fires, with 
special reference to the Explosions at Tvlorsiown, Brancepeth, and Micklcfield,”' 
London, 1896 (c. 8112). 

t Haldane and Athinson, “ Inve4igations on the Composition, Oeciirienee 
and Proper ties of Black-damp," /Voc. F(d. Inst, M.E., vol. riii , 1891-954, 
p. 519. 
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is diip to tl^e prolinijo/i contact of air with coal or other orgnnic 
rnattiT in. tiie rocks. Wliorc tlie ventilation is slngfiish, the 
absorption of oxygon by coal, pyrites, or ferrnginous minerals 
passing to a higher state of oxi<lation, is often very inarln'd. 

(/) The rapidity with which timber rots im<lorg»ound in certain 
circumstances has already been mentiono<l ; the practice of leaving 
tile useless decaying timber to infect the new' pieces that are put 
in, sometimes turns a level into a ho(-bed of pntreset nt n :t.tter, 
oflensive to the smell, and injurious to the health of the men. 
Steel supjiorts should be wcleomed, if only for ridding mines of 
one source of pollution of the atmosphere. Undiu- certain con- 
ditions decaying timber will generate methane,, and tire-damp 
prodiHH'd in tins manner has on various occasions been tin' ('ause 
of exjilosions. 

• (g) Some explosives give both gases and solid residues when they 
are tired. Jn the case of gnnjiowdt'r, the smoke, is made up of 
fine particles of carbonate and sulpbide of jiotassinm witli some 
snlpbur, whilst the exjilosive force lias been due to the formation 
of a number of invisible gases, esjiecially carbonic aidd, carbonic 
oxide, and nitrogen, w'itb sulphuretted hydrogen, marsh gas, 
and hydrogen. 

Nitro-eotton should produce nothing by its explosion but 
carbonic acid, carbonic oxide, steam, hydrogen, and nitrogen; and 
nitroglycerine only carbonic acid, steam, nitrogen, and oxygen. 
But when impertcctly detonated, the resultant, gases are more 
noxious ; both explosives generate a large proportion of nitric 
oxide, an<i carbonic oxide is liberated in eonsiderablo quantity. 

(k) One of the worst impurities in mine air is dust. It arises 
from various causes ; much is produced in boring boles for 
blasting unless special means are adopted to prevent it. fSome 
is sure to be formed when pieces of stone are knocked against 
each otlu'r in the Yii’t>coss of excavation or shovelling, and, in 
the case of a tender mineral like coal, haulage is largely 
responsible for the evil. Pieces tumble off the waggons or 
dro]) through chinks and arc gradually crushed up by the 
traffic iuto an ini*i)alpable powder so fine that it will float in 
the air. • 

A diist-ladeii atmos})here is haimful in two ways: )>ai’ticlos 
of stone choke and irritate the lung Yiassages and so cause disease, 
and air mixed with some kinds of coal dust will cause explosions, 

(f) Compressed air used for working rock drills, &c., sometimes 
contains carbonic oxide and other gases, wdiich arc generated by 
the heat due to compression, either from the lubricant used in the 
cylinder, or from coal dust or even from the washers of the air-jiipes. 
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/2) Methods of producing Air CuiTents. 

Two systems of ventilation nre em{)l<)yc\l in mines— nfitui-al 
and artiiicial. Under the former, cuinmts up by niitnral 
(Jjfterenccs of temperature change the air of the workings; 
under the second, artiiicial means arc employed to bring about 
the same result. 

The principle upon wlneh natural ventilation de])ends is very 
easily understood, 'flic tempei’atnre of the earth increases at the 
rate of 1" V: for every 60 ft of depth, and this natural heat is the 
mainspring m creating air currents. 8nf)pose a very sinqilo'case, 
two shafts A 1», C 1) (tig, 229), connected by a horizontal level 11 1 >. 
The air in the shafts and level, warmed l>y it-s coniael witli the sides 
of tluise underground jiassages, gra<lually assumes tlieir tempera* 
l.uie, whk-li vill he nsnally higher or 
lower tlian that of the exiernal atmo- 
sphere ; the problem is sinqily tliat 
of two eoinmnnieating vases. At tlio 
point 1) we ]ia\e the pressnro due to 
the weight of the eolunin U D + the 
weight of the atmosphere at (1 ; at B 
the pressure due bo the smaller column 
A r> + the weight of the atmosphere 
at A. 

Draw the horizontal lines OF and 
A K, and prolong tlie line of the shaft 
A Ti upwards by the dotted lines. The 
pressure of the atmosjiheri* at F and C is the same, and there- 
fore an} ditibrenee of piessnre at B and D depends upon the 
relative weiglits of the columns FB and CD; but AB is equal 
to KD,* so that the real ditl’erimce depends upon the weights of 
the two Columns of air -F A outside the mine, and CF inside the 
mine. In this country (he external atmosphere in summer is 
often hotter than that of the mine ; therefore the column C E 
will be heavier tlian the column FA. The column C D will- 
overcome the resistance prcsoiitcd to it 'by the column FB, and 
create a natural current going in the direction C D B A. In 
winter the conditions are revei*sed. Tlie cold external column 
F A is heavier than the comparatively warm internal column 
CE, and the weight of the entire column FB will be greater 

* This i.s only approximately the case, for E D lies, on the whole, deeper 
tliao A B fi-oin the surdace, and therefore, in general, ED should be a little 
the wanner. 
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than that of th^ • m, CD. The result is that the weight of 
the column F J> will cause motion in the direction A B D C. 

Tn any C)nc of these cases, the greatiT the difference in tempera- 
ture, the greater will be the velocity of the ventilating current. In 
winter the ventilation will be more active than In the summer, 
because there will he more diHeronco between the outside and 
inside temperatures ; and, furthermore, though' there are differ 
ences betwt'en the day ternpinvature and the night tempo: ature, 
still the tiMidency is always to produce a current in the same 
direction, in summer the nights may he cold though the days 
are hot, and therefori' the difference in temperatar(i hetweiai the 
air of the mine and that of the surface may be acting in two 
o])posite waj^s aceording to the periixl of the ilay or night. A 
shaft wliich is drawing up, or is an ‘upcast,’ during the heat of 
the day, may have a descending current, or ])e a ‘ dovvne.ast, ’ in 
the cool hours of the night, and practically have no current at all, 
while the outside and inside temperatures are alike. 

'Fhore is not only this ohjcction to natural ventilation, that it 
may viiry in direction during the course of twenty- four hours, but 
the still greater ohjcction that at certain seasons of the year it 
may be nil. licoaiise there is no difference in temperature between 
the outside and inside air to make one column heavier than the 
other. 

The creation of a natural air current is not duo solely to the 
difference of teiu])erature caused by the natural warmth of the 
rof?ks. The heat engendered by the respiration of the men and 
animals, by the combustion of the lamps or candles, and, lastly, 
by the explosives, is also a factor in making the air of the mine 
warmer than that of the surface, and so setting up a current. 

I take this opportunity of correcting the common statement 
that carbonic acid invariably collects in the lowest part of the 
workings- This is correct only in cases wdiere the gas is issiiiiig 
forth from rooks and sinks down like water. Whore it is produced 
by res])iratioii, candles, lamps, or explosives, it is diffused through 
a warm atmosphere, ascends with it, and docs not separate from 
the other gases. 'Wie consequence is that a ‘ rise ’ may be found 
Imdly ventilated, although* the air i- he level below is fresh and 
pure. 

As already pointed out, natural ventilation is often weak or in- 
couvstaiit, and therefbi'o cannot be relied upon for furnishing an 
adequate supply of air ; it then becomes necessary to report 
to artificial means for producing air currents. 

‘ Artificial venoilation is effected hy heat or mechanically. By 
placing a furnace at the bottom of a shaft, the miner warms the 
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column of :iir wliich it coiitaius, and S(> rcii Ictk it lighter than a 
similar column in an adjjiccnt shaft with which tlic first is in 
communi(nitioji. Again, wc have a case of two communicating 
\ascs : the w(aght of the heavier column of cool air overcomes 
tiiat of the lighter column of warm air ; a current is produced, 
and continiK's so lojig as there is fire to do the heating. Let AB 
and (ID j-epresent two shafts, and suppose a furiuice to be placed 
ar D. QTu' warm column 01) will he lighter tlian the colder 
columu A r», iuid a cnrn'ut will be created, descending tlic ‘down- 
cast’ shaft A H, passing from B to D, and ascending the ‘ upcast’ 
CD. In actual practice tlic current 
does not go dircist from B to D, hut 
18 diverted hy doors and stojipiiigs 
so as to sweep through the roadways 
:uid working faces before ascending 
the upcast. 

In small workings a little fire lit 
at or near the bottom of the upcast 
shaft, or continued m an iron vessel 
suspended in the pit, is sufliciciit for 
the purposi'. l^'roin pot iy beginnings 
of this kind hris developed the large 
underground furnace, which in its 
turn is gradiudly being onsiod by 
mcchanicul appliances. Of these 
latter by far the most important is 
the centrifugal hm. 

The fun is characterised by the 
fact that the current is produced 

230.--Diii,.ram t-xplaining <"• ''a"™ P 

Llie priiicii>h- of fiirnace vein revolving shaft. ihc air lying 
tilation. between them is whirled round 

and round, and Hies oil’ tangentially 
at the tij)S, like a stone from a sling. The space previously 
occupied by this air is at once filled by supplies coming in 
at the centre, ;iiid the process goes on continaally. T'ho ceutri- 
fngiil ventilators or fans aye generally used as exhausters — 
that is to say, they are arranged so as to suck air out of the 
mine, instead of forcing it in. 

Five types of fans very largely used at the present day are, 
in alphalictical order, the f(»ll.)wing : — (lapcll, Guibal, Bateau, 
Schiele, and Waddle. 

The (.''apell fan (tig. 231) consists of two concentric cylindrical 
chambers, eacL provided with six curved vanes or blades, the 
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convex siJes of ' \ aro turned in the dirc(‘U(»ii of the r(>t;i,tion. 

The cyliudncal shell or drum h, between tlic two sets of vanes, 
contains openings or port-holes dd, allowing the air to pass 
from the inner to the outer ehainbor.',. There ii^one such chamber 
between every tw'O vanes. The air contained betwe('n any two of 
the inner vanes e, is thrown out by centrifugal foK'.e w hen the Din 
revolves, and passes at a high velocity into the < orresjioiiding 
outer chamber. Here it is supposed to strike against t he concave 
vfuie, and give back to it the greater part of the im}>ulse received 
from the inner chamber. The advantage claimed for t his fan is that 
it discharges the air with the least possible velocity, and therefore 
even wdicn driven at a high rate of speed can do a large amount 
of work in s])itc of its comparatively small diameter. 

The (babul fun (fig. *2112) is a fan wnth eight or ten straight 
blades, which are not set radially. An important yn'cnliarily, 



introduced by (biihal, and since co]>i('d by others, is the expanding 
stack or chimney, which gradually lessens the velocity of the air 
as it travels towards the poiut of discharge into the outer atmos- 
phere, and the sliding shutter a. The shutter enahh's the open- 
ing of the fail casing into the expanding chimney to be regulated 
at ] Measure. 

The Rateau fan (fig. 2?3) draw s.*in tlie air on one side only.. 
It consists of from 18 tf^ ‘24 curved blades of steel plate atUiehed 
to a horizontal axle. Thest bln* t i in revolving cause the air to 
be drawn in at the centre, and then expelled at the perijjliery 
into .a volute-shaped diftusor, which gradually increases in size 
and ends in an upright chimney. The central part, shown ojien 
in tho figure in order to displ/iy the blades, is closed in by a huge 
steel pipe which connects the fan with the fan drift. 

The Schiele fan is somewhat like the Ouibal. it has the same 
expanding chimney, but the blades are curved and the casing is 




Fifl. 233.--I?atenu mitilatiiipf fan. 


same throughout. The blade is widest in the^ middle, and then 
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it decreases Ixn!. anls the centre of the fan and towards tlio 
tips. It is small as compared with the Guibal. 

The Waddle fan differs from those just described by running 


open - that is to say, it is 
not enclosed in any ex- 
ternal casing (fig 235). It 
is a very flat hollow trun- 
cated cone, witli the base 
closed and a central opem 
ing on the other side. 'I'he 
air passes in at the centre 
and is discharged a.t the 
circumference. 'J’hese fans 
are made with n diameter 
of 30 to 45 ft. A recent 



improvementistheaddition Fic. 234. -Schiele ventilating Ian. 

of a divergent outlet ; the 

velocity of the air leaving the fan is thus lowered, and less 
power is required for driving. 4'his tan, like the Guibal, is e 



Fio. 235.- irWaddlo ventilating fan. 


slow-running one, which can be driven directly from the engine 
without the aid of belts or gearing. 
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Some comparative tests made in ^’aigland a few years ago* 
showed that the (Diihal fan is a more erfioient ventilator than 
llie (lapell, the Seliieloj or the Waddle; whilst a trial in Belgium 
lat(dy proved the Kuperiority of the Bateau over the (Biibal. 

*A description of mechanical ajiplianccs for producing air 
currents would not be complete if it stopped at fans; other means, 
thoui,di secondary imjmrtance, have to be mentioned. 

Where conifiresscd air is employed, the exhaust from the 
machine may do gooil service in driving out foul gases generated in 
tlie workings, and there is the further advantage that, after blast- 
ing, a powerful stream of air cati be turned on for a short time 
so as to sweep out the noxious fumes completely. A jet of air 
or water under prcssui-e turned into a large pipe drives its contents 
forwards, and so creates an exhaust from behind which may be 
employed for sucking out the bad air from an ‘end’ or other 
advanC(‘(i working place. It is likewise possible to reverse the 
acHon and drive in fresh air instead of sucking out the foul. 

The llai’iz blower 'tnarinw, Cornwall) is a large wooden 

aii' })ump of siinjde construclion, wlilch is attached to the main 
rod in a pumping shaft, and provided with pijies jiroeecding into 
the workings ; it can be made to act as a blow^er or an exhauster, 

The mere production of an air current, descending one shaft 
of a mine and ascending the other, is not all that is required. 
If li'ft to itself, the air on reaching the bottom of the ‘downcast’ 
])it would rush by the nearest road to the bottom of the ‘upcast’ 
aiifl leave the advanced workings, a mile or more away it. may be, 
entirely nnventilated. It therefore becomes necessary to force 
the current to tra.vel along certain di'tiuite paths in order that 
it may scoiir through all parts of the mine. The means employed 
for distributing the current are stoppings, doors, brattice cloth 
(aheds), and crossings. If a level by which the air current could 
take a short, cut to tlie upcast is no longer )-eqnired, it should he 
eiosed permancnt.ly by putting m a stupjung — i e., l>uilding up a 
strong wall of brickwork. On the otiier hand, if traffic has to bo 
carried along tin; roadw'ay, the short circuitiftg of the air is pre- 
vented by a door, whi<;h is liuug so that it will cfose of itself when 
opened ; it is also arranged so Aat the pressure of the air eiirrcut 
shall tend to keep it shut. To prevent unnecessary leakage of 
tlie air current, twn> doors may be put up instead of one, the 
second not being opened until the first is shut. Where such 
leakage is quite unimjxirtant, a piece of strong canvas [hfaiike 
cliffh, shed) is bung from the roof and lifted up when a person has 

* M. \Valtoi' Brown, “Mechanical Ventilators,” Tra?i$. Inst M.E., yo\, 
xvil., 1900, p. 506, 
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to p;tRs along. I’lic curroiit of foul air returning from tiie working 
face may occasionally liave to cre^s the path of the ingoing stream 
of fresh air ; here it becomes necessary to construct a hollow 
briclge or crossing — in other w'ords, one current^ is carried over 
the other in a passage cut through the strata and suilably lined* 
with timber or brickwork. 

If the mine is large, it is unwise to make tlie entire current 
pass through the wiiole of the workings, becausi’ there ^cmld 
be an unnecessary waste of ventilating jiower in overcoming 
the friction betwrecn the air and the sides of the passages. 
Consequently the main current is sub-di\ided or ‘split’ into 
secondary currents, each of wdiich ventilates one portion of the 
WTtrkings ; the secondary currents are then brought together 
near tlio upcast and ascend i if one big stream. 

(3) Testing the Air of Mines. 

Mine air is tested as to quality, quantity, and pressure. 

A knowledge of the quality of the air is (lesirablo for two 
reasons: it may contain gases capable (tf causing accidents 
by ex])losion or suffocation, or it may be polhiTcd by gaseous 
or other impurities likely to injure t.lio health of the men who 
have to breathe it 

In this country the testing as to quality is mainly confined 
to a seareli for one dangerous ingredient — viz., inflammahle 
gas — and llie method of search is almost invariably the same. 
The miner draws down the wick of liis safety lamp until 
the yellow flame almost disappears, and then holds the lamp 
near the roof, for it is there, if anywhere, that the light 
methane wnll collect. Tf the gas is present in sufficient quantif y, 
its combustion produces a pale blue ‘cap/ halo or aureola, 
around the little flame, and the greater the pro[)ortion of fire- 
damp, the higher the cap. Experienced obsisrvers do not 
profess to be able to detect the presence of gas in this manner 
if the percentage hi^ks below 2|. A lamp fed with benzine 
in place of oil gi\Vs an indication even with 1 per cent., and, 
as pointed out originally fiy Peeler ’ one case and Le Chatelier 
in the other, the hot non-luminous ilvimes of alcohol and hydrogen 
enable still smaller quantities of fire-damp to be recognisi.'d. 
Chesneau’s lamp, largely employed in France, is an improved 
Pielcr lamp, with a little nitrate of copper and diohloride of 
ethylene dissolved in the alcohol; it will detect J per cent, of 
inflammable gas in air. Stokes’ lamp is an ordinary safety lamp 
with a small detachable alcohol lamp ; the official is thus relieved 
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from tlie necessity of carryitig two large lamps, one for ligliting 
his }ia.th and the other for testing 

Clowes follows iiG Chatelier hy using a hydrogen flame, but 
ada})t'< a deta<‘hablo reservoir of hydrogen to an OTL’dinary safety 
lamp in a m;inner which enables either llauic to be used at 
pleasure. 

llefjrd t IMackie attach above the wick tube a frame like a 
miniatuiH' ladder with horizontal cross-bars made of platiiuup 
wire. The greater the amount of gas present, the hotter and 
longer will be the flame ; and the percentage of gas is gauged by 
the licigbt to wbicli the cross bars are heated to redness. 

Le (fljatelier’s method of determining the amount of fire- 
damp in mine air by measuring the limits of inflammability 
of gaseous mixtures is one of great delicacy, for it gives results 
wliieh are cornpai’able in exactness with those of a chemical 
analysis. But the determinations have to be made at the 
surface, and conse(|uciitly samples (*f the air have to be brought 
up in bottles from the mine. Le Chatelicr’s method is in regular 
daily use at certain French collieries; and his burette is a 
far *simp]er, cheaper, and less cumbersome piece of apparatus 
than that lirought out by Shaw', though llio latter may claim 
the credit of having been the first to point cut the ]»rinciple 
upon which the determinations arc based. 

The only other mode of testing air commonly employed at 
mines consists in observing the effect of the air ujion the flame 
of tlie ordinary miner’s candle. It is of use in some cases. 
If carbonic acid gas is issuing from the rocks, it settles down 
to the bottom of the excavation in virtue of its specific gravity, 
and men have freijuently been asphyxiated by descending’ into 
shafts or wells iu which the gas had accumulated without their 
knowledge. Where danger of this kind may be apprehended — 
for instance, in mines liable to emissions of c;irbonic*acid, or 
in the case of old workings that have not been recently entered — 
a lighted candle should certainly be lowered before letting a 
man go down. If the candle is found to burn brightly, it is 
generally concluded that there will be no danger in making the 
descent; if it goes out, it»'is evident that the air is unlit to 
support combustion and human life; if it burns dimly, there 
is need for the greatest caution. 

Dr Angus Smitli consulers that the candle test affords no, 
distinct sign that the air is bad, until the impurities have 
reached an amount beyond the maximum which is consistent 
with good ventilation. " Thus the candle affords no indication 
of the presence of per cent, of carbonic acid ; if the peroen 
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is Hian sjiy^ tliai ineii shoulfl ])<*< lir allowed to 

\\(U'k, aijd, to use hib own ws-rds, “it foilows llieiefoiv tliai, 
the candle as nsul iK only ^aluabl(' wiioii the air is so bad 
that no one should be idlowf'd to remain in it.” 

kSmall jiroportions of c,ai*l)onic aci<l, wliiclj arc wholly nn-« 
reco!i:ni sable by tin* candle' tc,-,t, ca.n rcaddy be eicttnde'd and 
easily measured by claanical methods whieli are ijuili' witliin 
the jiowers of an oidinary mine assent, but want of sjtai fo?'- 
bids my dealing: willi thean hero. 

The qnaiitiry or .nr j)assin^ throuji’li any u;iven passage eau 
])(* e.aleiilaK'd i»v measuring d,s sectional anvi ami aseertainine; 
tin; spc('d of the can rent by means of an anemona'f er 

The e()rmol.m'^1. tape of am'inometer L’.'Hii is an insli’nnu'nt 
})rovidod with vanes a <( I'lu' 
tliose of a wmidfndl : I'V the 
aid (d' V('rv simpt' ^earinu^, llu* 
number of I'evuiutions of the 
spindle e-arryme the vane-- is 
n'corded on smtablo dials hkr 
those of a iias meter, and the 
yehn'ity <*f <he current l^ de 
diieed from t/ln iiumher of 
revolulJons in a pdven tim*' 

'the ar('!i of the pa.ssa'^«i in 
square feet multiplied by the 
velocity in feet, ]»er mmiit<' 
gives ibe number oi eul)ie h’et 
per nnnuto. 

A mere knowh'dge of the 
volume of air pahsed throir.ib 
the wo I kings docs not snllice. : 
in addition, it is necessary to. 
determine the amount (»f raiofaetion jiroduced by the ventilating 
machine — in oth<T words, the dillercnee hetyeen the ]>ressurc of 
tlie air in the mines ajid that of the external atmosplK-re, The 
instrument employed for this purpose is the manometer or water- 
gaug(‘. It is a. edass tii})e bent in t’ ' form of a Tg jiartly Idled 
with water; one leg is in eommuna'ation witli the outer atmos- 
phere, and the otlier with that of the mine. It is usually placed 
in the engine house of the fan, and a. pipe is carried from it into 
the fan drift. 'J'ho suction of^the fan cause.', j^rcssure of air 
in tlio mine to be less tlian tbat*«>f the c.xtcrual atmospberc, and 
the (iimiimtiou of pressure is indicated by the difference in the 
heights of the two coliunus of water in tlic U-tubc. This diTcr- 

15 
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Figs. 2o7, 238, ‘239.—OclnvinlV.s self m-ordiiii!; waLwr-gauge, made by 
Piiitaeh. Front elevation, rear elevation, and plan of the cyliuilers. 


In Prussia it is necessary to keep a record of the manouietriCftl 
depression (‘water-gauge’) produced by the fan. A self-record- 
ing water-gauge largely used is the one invented by Ochwadt and^ 
constructed by Piiitsch (figs. 237, 238, and 239). * 
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It consists of iwM ''Y^ ndrical reservoirs partly full of water and 
connected at the bottom. One reservoir is connected with the fan 
drift, and the other with the external atmosphere. 

In each cylinder there is a float, and the two floats arc connected 
by a piece of chain running round a pulley. I’he*rod h attached i 
to one of the floats carries a ^vritiiig ])eii < 7 , which is hc])t In a 
proper position for work hy the rod /; f is a cylinder <iriv'en by 
the clock slK)wn on the upper part of the instrument, an 1 tlie 
sheet of paper for the diagram is lixed upon it hy two india-ruhher 
bands. The horizontal lines denote diflerences of pressure, whilst 
the vertical lines indicate the successive hours of tlie djiy. In 
order to start tlie instrument, water is poured in through a hole a, 
until it runs out at /> (figs. 238 and 239). These hoh's are thou 
clos(‘d np by screws, tind the nipple c is connected hy means of a 
piece of fle.xilde pi])C witli the mine; e is an ordinary water-gauge 
made of a bent glass tube, which serves to check the indications of 
the main apparatus While at work the hole x (fig. 237) must he 
closed by a screw. The screw h closes a hole whicli may be used 
for completely emptying the apparatus of its W'ater. The two rods 
s and fc* simj)ly serve for the purpose of cariying tlic apparatus 
about when necessary. It is evident that any dilfereucc of pressurs. 
between tlie air in the two cylinders will ho indicafod hy a 
diflerence of level between the two surfaces of water. When e 
is put into communication with the mine, the 'water will rise in 
that side and fall in the other, ami the variations in pressure 'W’ill 
be duly recorded by marks on the diagram paper. The resulting 
curve will be a record of the state of the water-gauge for 24 liours. 
The instrument show'ii in fig. 237 supplies the record for one day ; 
a similar instrument is made giving a record for 7 days. 



chapti':r XI. 


LiaHTING. 

In iinufiijroiDitl workiiiun arlKicial Ii^ht ja a nocc's^itv ni all 
tini*’', .ijul in qtM.rrH‘s it Is require^] wIk-h ihc work is f’.jirried on 
ai Miiilil 

Th(i, moans of illuminaLion oinplo^ycd arc as follows :- (1) 
K'HocloJ dayliulil ; (2; caiullos; (o) torcia's , (4) ordimuw ojion 
lamps; (n) onlinary safolv lamps; ((>) olcctric laiiijts ; (7) 
misi'cllanooiis Iamj)s, 


(1) Reflected Daylight. 

hor sinkini; oil-wells in .Tapan rellce-teii daylmdit is used. 
A }iic<'e Iranshieent, ud paper about 5 ft. t>\ ft. is siispemled 
over the well a.t an angle of 45’’, aiid throws light down tlie, pit, 
whieh may be dug to a di'pth of (JOO to OOi) ft. 

In driving llto Hell tunnel at idle New Idria (piieksilver mine in 
California, thori' was a disastrous oAplosion from iidlammable gas, 
and after that the tunnel was illumina.t('d by sunlight relleetcd 
from a mirror plaee<i at the month of the drift. 

(2) Candles. 

The candles used hy rniner.s are very free] m'lilly the so called 
Mips ’- -that is 1o say, they are made by di]>[)ing a wick into 
molten tallow and allowing it to tak (3 up a voat of grease; the 
process is repeated several times, un.il hy addition of several 
coats the thickness (if tallow is suflicient. 'Jdie wiidv is made 
of cotton, or of cotton and linen. 

A&a rule the Jlritisli miner jiolds Ins eandlc in a lump of clay, 
whiedi forms a very convenient snp{-iu't, as it can bo readily stuck 
lip at any point where it is wmifod. It can also he st uck upon 
tho hat when the miner wants to climb a ladder or a chain. 

Idle tallow candle has fdie disadvantage of guttering in a 
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draught and wf / a <;x)od deal of smoko, vvliioli is hail if the 

working pkic<' !s 5iC all close, hi rad) n, si can ne, and ‘ cui;i})osii,e ’ 
caiuilc''’ arc oftiai used in pkn-c of the common dii* ; they do not 
aland a strong drani>iii. or drops of water so widl as the laUcr, hul 
they give less smoke and do not, gutter so much. ^ “ 

In the United Stales and i,he ('olonics a metal candle-holder is 
very generally employed ; and for the ollicial who has to make 
not(‘S nndergi'o’ind, it is eertamly more eoinenient' than the usual 
him]) of elav, as with the hitter it is dillienlt to koi'p the note- 
book clean. 

(If) Torches. 

Torelu's are seen in a fow (*x.a‘ptioii-il instances, barge 
nndergronnd chaanhers may he lit up for a short tim<‘, m order 
to examim' tiie roof, by burning a bundle of W'ood sha.vings 
soaked with naphtha or petroUaim. 

(i) Ordinary Open Lamps. 

Ordinary o])en lamps va,r\ very mneh in shape and si/e. 
Tlie Sieahau miner has a lam]j of the sinijilest eonslruetiou 
irnagiriuble ; it is a mere o[)tMi of ungla/ed pottery about 
2 in. in diameter and an inch deep, with a little lip for liolding 
a cotton ^siek, which lies loosely in the olive oil used as an 
illuminant. It is ruder than many of the lam])S found at homtieii, 
which in shajie somewhat resem}>le the iron lanpis emjiloyed in the 
Ilartz, Till' latter are providi'd with a liuok, liy which they can 
he ludd betwi'Cii the thumb and foretingor when climbing ladders ; 
the hook has a shar]> jioint which tlie miner can stick into a tiin 
her prop or a crevice in the rock while at work. The body of the 
lamp IS closed , it has a tube for the cotton wick a.nd a liole with 
a &crew-])lug tlirongli which the supply of oil 
can be refilenished. A prifker for trimming 
the wick is attached by a light chain. A 
smaller but similar lain]) is met with in Franci', 

Northern Italy, aiftl parts of .S})ain : the body 
is lenticular, and is suspetided by a ’ ng hook. 

In Scotland and in some parts ot the United 
States a small but serviceable tin lamp, of the 
shape show'll in tig. 240, is very common. It Pm. ,’.s 

can be hooked on to the rock, or on to the hat oil iaraj). 

. when climbing the ladders. Olive oil or rape 
oil is burnt, in tlio lamps just described, and the miner carries a 
8U])ply in a little flask. 
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The 80 called ‘lorch lamps* of the Wells Company arc seen in 
quarries at night, A strong cast-iron reservoir has a beak or 
spout with a large cotton wick, and is supplied with petroleum. 
It gives a strong but smoky flame. 

Lamps have the advantage of being cheajier and cleaner than 
tallow candles ; but the latter do not seem likely to be disjflaced 
in Knglish an<l Welsh f>re mines, though the Scotch lead miners 
[ifefcr tlie Former. 

(5) Ordinary Safety Lamps. 

i»y ‘safety lam})’ is meant a lamp which has its flame so 
protected that it will not ignite fire-dam]) contained in the 
surrounding atinos])here. 

The conslriictioii of tlie ordinary safety -Jam]) is based u])on the 
faft that gauze of a (‘ertain mesh, made with wire of a (tertam 
gauge, is (M]*able of cooling burning gases to a point below that at 
which combustion will take place ; in other words, it will prevent 
the jiassagc of tlam(‘. TJierefore, when a lamp enclosed in a 
suitable cylinder of this gauze is placed in an atmosplicre con- 
taining firi^-darn]), the inflammable gas inside the envelope will 
burn without igniting that which is outside. 

Tlio ordinary Davy lamp (tig. 241)* consists of a brass oil 
vessel Z), on to whicJi is screwed a cylinder of wire gauze a, about 
ill. in diameter and 4J to in. high. The cylinder is further 
closed at the toj) by a cap of wire gauze e, which overlaps the 
mam gauze for a distance of 1 in. to H in. Tn the centre of tlie‘^ 
oil- vessel is a round tube containing a cotton wick, which can be''^; 
trimmed from the outside by a piece of wire / passing up through^^' 
tlie bottom. 'Plie gauze used has 28 holes or meshes per lineal 
in., or, in other words, 78-j per sq in. Speaking roughly, the 
holes arc in. sq. Three rod.s c, attached below to a ring 
screwed on to tlie oil- vessel and above to a plate, protect the- 
gauze to a certain extent, d’ho lamp is carried by a strong wire , 
ring fastened to the top ]»late d. Itape, c >lza, or seal oil, alone 
or with tlie addition of petroleum, are used as dluminants. 

The Davy lamp has sever/ defects : in the first place it gives 
very little ligiit; and, secondly, it will, tire an explosive mixture 
if the velocity of the current exceeds 6 ft. a second. 

In tlie Clamiy lamp (fig. 242) the flame is surrounded by a 
cylinder of glass a ; the air which feods the flame comes in through ' 

* The materials used in constructing the lamps are indicated thus ; — 


3rasB Hun SheetMetal 


Ceuiiuy* 



LIGHTING'; 


231 


the gauze just 'he glass, descends along its iiu.er face ainl 

goes to the wick, whdst the products of eojuLustion pass up the 
ecutro. Nothing separates the desceuding current from the 
ascending one, and consequently tlie oil, from want of a direct 
supply of fresh air, does nut always hum so brightly as it does ii^ 
a lamp fed from under the gauze; but the light is far bettor than 
that of a Davy lamp. Tu a current, howev(‘r, having a velocity of 
more than C ft. in a second, it liehaves like the ihivy, and gnites 
an explosive mixture. 




Tlie Muescler lamp (fig. 243) may he describecl as a Clauuy 
lamp with a chiraiiey a fixed above the flanu', and attached at 
the level of the top, of the glass to a diaphragm or horizontal 
partition or rt ire gaiwie h. The path taken hy the air is shown by 
the arrows. The Tact of the inward eurrmit of fresh air being kept 
separate from the outwafd curren^ 'if foul air assists the illuminat- 
ing power of the lamp. 

, The Marsaut lamp (fig. 244) is of the same type as the Clanny, 
that is to say, it has a glass cylinder with the air entering above 
it, and uo chimney ; but it Jias extra safety afforded by a second 
or even a third gauze, and a botmet or shield of sheet iron. These 
additions enable it to resist currents of 2000 ft. [ler minute ; other 
■ advantages are an illuminating power of 'about two-thirds of a 



32 THE ELEMENTS OF MINING i\ND QUAKEYING. 

Landan] ciiiidlo, snuplinitv anH stren-jffL, foi the gauze is protected 
y the sliieid Inmi aeeideutal blows of a jiiek or other sourcf's of 

The W<i1f laio[) (I'iirs. 215 and 2JG), very largely used on the 
a>ntiueut, is h'd wit It htaizeiine eonlained in a rcst'rveir tu)] of 
oiton-wool. l>enznlin«‘ ^^i^e^ a eh'ar fhuno, the Itnliiaiury of 
Ideh IS more lasting than that <if a flame snp])lied ^\i^h vi'getablc 
d, as the wi'-h is mil cd'^gged s<» rapidlv. The air is takt'ii in 
elow t lie glass. An interesliog feature of the Wolf lamp is tlie 
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ingenious device for relighting it without removing the glass, so 
the miner is no long<‘r temjited to lireah llio rules and open Ids 
lamp, if by accident ii goes out. The lamp .has two gauzes and a 
conaigated slmdd. 

Ill order to jirevent careless and imjJiaident men from risking 
tlicii ]i^ es and those of their etimrades by i*j)(ming tlieir laiipis, it 
i.s neeessaip to loek them securely Inifore they are taken into the 
workings, \arinns dcvici's have i>cen proposed for the ]mrpose. 

A common and satisfactory fas(.enmg is the lead rivi't, which is 
placed through two holes, one in #iie brass ring holding the glass 
and the other in the oil ncssoI ; it is then firndv se|neezed with a 
pair of nipjiers and tTus im].rcsHed with a mark, winch can be 
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trf!)n d ’ t. d.jv if net'.essary. Tiie lamp caiiiiot In) 
opriied wiiiiout fMttjiiLc 11 h' rivcL su any tainpmii.<; witji it tai tlu^ 
part of the nmu-r wouki iiisLuitly kc dcHaned at ot tlu‘ 

Some mine owiua’s prefer Wulfs iiuij^ikTu* lock, wliich 
requires n poweiful electrounagnei to ])uli back a b<tlt befon^ tlu.» 
loj) can b( uiwcrcwed. 


(fi) Electric Lamps. 

both arc, lanipt> and glow lamps iiave their special spheres 
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of usefulness at nti#ies and (juarries. The former are often 
employed below g)t>nnd \\'h(*re the excavations takij tlie iorin ol 
huge undergiound chain tlrs, such 's may be seisi in certain salt 
mines, slate mines and even Icmt mines. Above ground the 
arc lamp serves to illuminate open vvovkings at night, as well as 
pit banks and sidings. 

Fixed gh)W lamps form a •convenient and desirable means of 
ii^htinu up pit bottoin.% ou sotting pl;u-es, lovi'ls or sidings where 
the Irailic is large, ami ladder-ways or man-engines wididi are 
mucb fre<piented. Ag.iin, in sinking shart*s, a cluster of incaii- 
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dcBcent lamps hung from an elociric cable will enable the minet 
to do his work under miaccustoined conditions of brilliancy* 
Wliilc iheldasting is going on, the lumps are drawn up out of the 
way of the stones which might be hinled up and break the 
e^lsssi's. Hut their use does not cease here ; for at one of the 
mines on the (jomstock lode,"^ candles have been entirely dis- 
carded even at the workiim faces and in the slopes, and haw been 
replaced by incandescent lamps supplie<l with electricity by 
special cables. 

During tlie last few years many forms of portable glow lamps 
hav(' been tried at collieries, with the object of providing the 
miner witli a safer and more brilliant light. The only lamp 
which has attained any measure of success 
is the SuHsmanu {fig. 247). Several thousands 
of them arc now in daily use in Kngland and 
Belgium. Two accumulator cells si)})j)ly a 
current which passes through the usual fibril 
and causes it to glow. I’lie bulb D is pro- 
tected ly ail outer glass B and provided with 
reflector E and h’. The lamp weighs 4 to 4 J 
lbs. and will give a light of 14 caudle power 
for 12 to 14 hours ; the cost of the lamp, in- 
cluding all expenses, is fn)m 4d. to 5d. per 
week. The only fault found with the lamp by 
its oj)poneuts is that it does not indicate tho 
[iresence of fire-damp; this objection is not 
fouml to outweigh the other merits of the 
lamp by the colliery owners wlio employ it. 

(7) Miscellaneous Lamps. 

Among those inusi be mentioned ordinary 
Fio. ‘217,-— Sussmaiin gas lamps, acetylene lanipis, tho W^'ells lamp 
elw’tric lamp. and its congeners, and finally the Kitson 
lamp. .. 

The use of ordinary illuminating gas at the surface is too 
well umlerstood to need any remark ; it is occasionally cm-' 
ployed for lighting pit bottoms, sidings or levels with much 
traffic. 

Bortable aceivlone lamps are already carried by the agents of 
some mines, who are anxious to ha^’e a more brilliant flame than 

* Ball, “ Elect rical Equipment of the 0. & C. vSliaft of the ('oiiaoliilated 
Califoinia iiml Yir^ntia City Mining Co,, Virginia City, Nev.,’' Miries ami 
Mmencls, vol, xxiil, IDO‘2, p. 159. 
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that afforded hj’ <^0 or tallow. They have likewise found a 
successful application in the case of sinking shafts. 

The Wells lamp, which is much used lor surface .works, also 
serves to illuminate large underground chamheis for special 
purposes, such as examining the roof. Jt is a* contrivance toy 
hurning tar oils converted into gas, wdicii forced through a h*aitcd 
hunier hy ])ressnre produced by a hand air-pump, d'he tiaine is 
from 1 ft. to ft. in length, and gives a light of adO t ■ 4000 
candles. 

Ill the Kitson lamp * a mixture of ])otr()k'uni vapour and air 
is burnt under an incandescent mantle, reseinhling the W^elshach 
mantle, wdth which most people using ga.s are now fainilifir. 4'hc 
petroleum is converted into vapour by the heat of the flame, and, 
save at the moment of lighting, the lamp is seir-sup])ortii)g. 
The contractors’ lamp ado}*tcd for out-of-door work is readily 
carried by two men. Kitson reckons that an illumiiia\/ing power 
of 1000 standard candles is obtained at a cost per hour ol'bl. 

* Kitsdii, “ Potrohuni liu-aiidHscoJit Lighting,'’ Joar. Sot Ar(s^ vih li., 
1903, p. 445. 
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ACCESS. 

Wni'A (‘oiisul('.r th<‘ time occupioti ])y tlu' miiirrin 'i'oinu: to and 
from liis work, and rocolloc.l that his hours ji.ro usually reckoiioil 
‘fruni iJaiik to bank’- - i.p. from the monu'ut ))<* loaves the surface 
to lilt* tituc he reaches it a^^ain - and if wo further relloct upon 
the terrible waste of energy in some mines from climljing down 
and up deep shafts, it w'ill be evident that blie question of ‘access’ 
c umot bo dismis':('d without discussion. 

Tiic methods of access are: (1) W.dkiim:; {'2) usiim steps or 
slides; (3) climbing la, ddiTS ; (4) riding in bucket, ski]) cage; 
(5) riding on man engine; (G) riding in waggons; (7) riiling on 
velocipedes. 

(1) Walking. 

Wlien mines are worked by adit levels, the men naturally 
walk in and out along these nearly horizontal roadways, and' 
when mines are entered by shafts the men still may have to 
travel long distances on foot licforo reaching their working places. 
To save all unnecessary expenditure of muscular energy, tiie work 
of walking should be made as easy as possible ; let the main 
w^alking wuys be high enongli for an ordinary man to vstand up in 
without stooping, and l(‘t the pathway be smooth and dry. Jf the 
miner has to bond down to sa,ye his head from knocks and has to 
pick his w^ay over rough stones and throim^h a succession of 
puddles, time will be lost and energy wasted. Cases will natur- 
ally arise in which the expendilure to be incurred for making and 
maintaining high roadways would be/mt of all pro})ortion to the 
benefits of being able to walk in ai. upright posture ; the men will 
then bo obliged to sloop, but they can relieve the muscles of their 
backs by using walkiifg sticks. 
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{'^) Steps and Slides. 

If tJio dij) of a scam is small, an incliiKMl ])atlnYav, Ic.idinj^ 
through tlie old workin^^s if coiivcniciit, forms a, safe means of 
ac<'(*ss into the mine, ami it has iIk' furtlaa advanlaj^e tluit horses* 
or ponies can be hroni^ht out easily at the end of each shift. 

Wlicn the inelinatitm reaches 20“ it is well to lur e rotralar 
steps; these may he cut in the rock itself if it is luird enough; 
ami if not, wooden or stone sle)iH can he ])nt in with a handrail, 
A very hi eh dip makes a strai.uht Ihic of ste[)s awkward ; wlu're 
there is snflicient space the dillieultv is (‘asily overcome by arrang- 
ing (Iiestcjisor stairs in a zigz;»g line, 'llie Iread or height of 
eac'Ji step shonki not exceed 8 in, so as to avoid a fatiguing 
lift of the 

in some of the vVnstriaii salt-mines the men do^eend f”- :n level 
to lev(h a vert leal distance of 100 to 120 ft, by W(»ode« slides 

inclined at angles varying from .’U/ to flatti'uing at the 

bottom so a,s to redm-e tlie vedoeity gradnaJl^ ; the miner can 
increase his s)teed hv leaning forwards or lessen it by leaning hacd^, 
Th<^ ascent is by stcjis. Thi' Somersetshire collier'^ soirn'limes gix's 
to his Work in a similar fashion, when ho can find an nndergrouiaf 
incline witli a slopi' of 20' to 30°. Sitting n])on a s])ccial jiiece of 

hoard \\ilh a. groove shod with steel ^^hich tits the rail, he 

toboggans down d'stanees of 100 to oven hOO }ards. 

(2) Ladders. 

Ladders arc very largely used in ore-mines all over the world, 
but they vary a. g(K)d <h‘al in dilferent countries. 

The ordinary ladder consists of two .vides and a series of rungs 
'(staves, Cornwall). Tlie princi])al points tliat have to l^e considered 
arc the material, the si/e, and the mode of fixing. 

]n this country the mine ladder is most commonly made with 
wooden sides and iron rungs. On tlie (.kintinent wooden laings 
ai'e common, and oalv is prefeaTcd on account of its durability ; 
the wooden stave is often^madi*. Hat, instead of round, so that it 
may last longer, and iron side' ma-' e seen where dry rot is very 
bad. In places wbei'c an ordinary ladder would be kno(ked to 
pieces by blasting, such as the bottom of a shaft in course of 
sinking, a short ])iece of chain ladder is put in ; the sides are 
made of pieces of ediain, anfl iron rungs are put in at suitable 
intervals. 

* Infonnathiu .supplied by Mr 8. C. Duliii, A.K.S M. 
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The distanoc between the rimgs is an important point. Ex- 
perience sljows that a distance of 10 in. from centre to centre 
is very suitable; ladders with steps further a{)art arc far more 
fatii;uinj> to climb. 

riid forms (aoJara, Oornw/ill) should he lixed at short intervals; 
thoii^ih our British law allows them t(» be placed 60 ft. apart, 
lh(i distance can be reduced with ^^reat advantage to 30 ft, or 
oven 1 !ss in perpendicular or highly inclined shafts. One side of 
the ladder may be fasliaied to timber in the shaft by strong 
staples; and if not, it should be kept rigid by stays so as to 
prevent any swaving. 

The most convenient angle of inclination for ladders is 
about 20“ from the verriea,!. 


Of tbe two arrangements showm in fig. 

I A □ r] Q ^ *248, A is better than B, because it not only 

h I 1 aflbids a greater inclination for the ladders, 

.u^ h/ II hut also renders it less likely tliat a man 

/b || will drop througii the opening (manhole) 

! W H 11 {>iollar) if lie loses his hold 

/ £ f If' country, the 

/ I I ladder compartment of a shaft has to be 

1 "^' tt**! partitioned off from the winding compart- 

/ e f 1 I ; a betbu* plan is to provide an entirely 

/ It V I 1 separate shaft for rt footway. 

/ i- § \ m Wiiena mine lias reached a de])th of 100 
upwards, mechanical appliances 
^ U k certainly bo introduced for raising 

or lowering the men, because time and 
iu shafts^* ^ strength are wasted by climbing; besides 
which, medical men are agreed that ex- 
cessive ladder-climhiiig is injurious to the health of the miner. • 
Therefore upon hygienic^ as well as upon financial grounds, one 
of the first thougljts in w^orki ng a mine sliould be the con 
veyance of the men down and up tlie shaft with the least possible 
fatigue, by means of macbincry. 


(4) Buckets,. Skips, aiid Cages. 

This method of going down and coming up from mines 
recommends itself by its simplicity, and when carried out with 
modern appliances it is remarkably safe. 

If tbe machinery is worked by band, the miner usually stands 
with one foot in the kibble and uses the other to guide himself, 
while he holds the lope in his hands ; this guiding is specially 
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litecessary when (xoiuu, down an inclined winze* with rough and 
Tugged sides, boino men jnvfer to have one fool in a loop at the 
end of a rope, whilst others prefer a special stirrup. 

" Guides are compulsory in this country after a (le])th of 50 yards 
is exceeded, unless the owner of tlic mines lias obtained an exoinp* 
tion from the inspector of the district. In the chapter on 
winding I have explained how guides can be applied to the kibble 
or bucket oven in a sinking sliaft ; but the usual methoa of ..'oent 
and descent is by the cage, or some form of guided box. The 
process of lowering and raising iS practically the same as that of 
winding mineral, llnles are made defining the number of men 
aUowecl to ride at one time, and generally lhor(' is a bar near the 
top of the ciigc which the men can hold, in case there should 
be any little jerks. 

The British law demands that, in addition to the gu-des already 
mentioned, there should he a cover overhead, so as to pfoiect the 
men from things falling down the sliaft. The use of a* single 
linked chain is forbidden, except for tlie short coiipliiig piece 
connecting the cage to the rope. There must be flanges to 
prevent the rope slipping off the drum ; the winding machine has 
to 1)0 provided with an adequate break and a pioper indicator;^ 
and, lastly, there must be a means of signalling np and down 
from every landing place in the shaft. In some countries safety- 
catehes arc compulsory. 

At mines under the ('oal Mines Act m this country, the rate of 
winding must not exceed three miles an hour after the cage has 
reached a point in the shaft which is fixed by Special Jtules. 
’however, this regulation applies only in cases where tlie hoisting 
apparatus is not provided with s()me automatic contrivance to 
‘prevent overwinding. In Germany a speed indicator has to be 
' applied when men are being raised or lowered ; among instruments 
. of this class may 1)0 mentioned the tachometer ol Messrs Schaffer 
^ Budenberg, with a pointer which indicates the rate of winding 
on a dial in full view of the engineman. Karlik’s s})eed-mcasurer 
not only notifies tfie ^velocity by a pointer, hut also records it 
automatically on piiper ; the winding engine shown in fig. 187 is 
^'provided with this appara^Ais. 

Winding by the cage is noj necessarily eoaOned to perpen- 
tlicuhir shafts. 

(5) Man-engine. 

Two kinds of man-engines ane in use, the double-rod and the. 
'Single-rod machine. 

" The double rod or original man-eugme consists of two recipro- 
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eating rods, liVc tlio main rod'- of jam ps, Ci^rryiiio Rmall platforms 
or stops, upon wlnoli ilio mon stand, ^Pfio stroke is from 4 to 16 
fl., and tlio little platforms are arranged so that they are always 
opposite (‘ach otlier at the he^iniiin^ and end of ea(di stroke, 

'249 aifd 2^0 iej)resent the I’ods in the two fmal posi- 
tions. A man who wishes to iico down, steps ujion platform 
A (t)o. 249); tho rod B j^foes down and A poos iij), so that 
h is hroULdit op])(>site ( (fijr. 2o0). TIr- to. in steps across fiom 
A to (■. the rod \ makes a down-stroke and B an np-stridco. 
I’lat.form e is now opjiosite d ftiii;. 219), ami the man a;.iam 
steps aeioss; and thus, hy eon-,t.uitlY stej)pino' fiom the 



Kie.s, 219 and 290 — 
Donhle - rod nian- 
cugiiic. 



Kio. 2n.--Siiigle- 

lod inan-engiiK'. 


rod as U. completes its 
down stroke, tiie man is 
^jfiadnally eon veyed to the 
liottom of the shaft. By 
r<nersii)Lr the jiroeess, or, 
in othm* wan^B, ]>y step-' 
piiej; on to t'tn^ ojipositc 
])iatforni as soon ,is the 
rod has eomphdi'd its np- 
stioke, the man is rais(‘fl 
TO the snrlace without any 
fatieiH' iH^yond the viuy 
slight, effort of stejiping 
si d (MV ays. Tf each rod 
makes four up and down 
strolu's of 10 ft. each per 
minute, the of ascent 
or dest'ont will l>e 80 ft 
per minute. 

The single rod man- 
engine has one rod carry- 
ing stops, while lix(’d plat- 


forms are arranged in the shaft so as to eorresyioiid o\a(;t]y wdth 


tiiem (tig. 251 ). If a man wants to go down he steps on to 
A when the np-st.rokc is comjdeted ; the rod goes down and the 
step A is brought opposite the lixed-i platform I, on to wdiicK 
he stops ofh lie then waits on b until the rod has finished 
its iip-stroke. B is brought opposite /i; he stops on to B, the 
rod goes down and Ik* is brought (tp])osito c, where he again 
steps olf and waits.. By reversing the (>]>erati<'n he is gradually 
lifted up to the top of the shaft.* The singlt* rod engine may be 
used by' men going up while otlnus are going down, provided 
that there is sufiticieiit room upon the fixed platforms. It is best, 
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to have • •’ nn*! Irfj,, as shown in (lie li^urn, niif] tlK'ii 

the as('Oiidiji<r inm slej) nil' alunvs to tho leii.. for ins! wliile 

the desceinlin;: inc'o l.tke iho ii_i.'hl hand sol], ns. 

1’ho inaii-enL^iiio has the advaiiTMOe that i(.^ ran \)c s.afelv 
aj)plied in inrJinrd and <To(dvod shafts, and it is convciiieiit in* 
vein ininiriL^ wi.ere the jiK-ii Jiave to wnrk at ver\ many dilli rent 
levels. 

Jiidt^dnir hy what ha,s taken plare durintr t fie few yi . 's, it 
tSecjns ld*ei^ tiiat llie man ('Hj^me will e\<'ntuanv die a natural 
dealhj and he rrplacecl ])y tdie safei and more <-onveni(mt. cage. 

(t>) Waggons. 

\s .a ride the miner walks from tfie pit hottorn to his \\orking 
plane; wlieii lids disk'Hiee is ureat, the mint' is geneiallv ( auipped 
with some form of nieehanieal liaida^e and the men may I,k' sent 
‘in-liye’ and broinjit ‘out h\('' in mme v\.‘ie<,a)ns, wilh the object 
of ecoiioiuLsnit; tiitur time and hiishaiidnm their strt'noLh, 

The line of demarratioii between ‘haulage’ and ‘ winding ’ i.e; 
Vague and undt fined. Wliat isoin'^* tieople cal! a ‘shaft’ will he 
designated an •ineline’ hv others; if llie (hp is not ve?-y steep, • 
the men imti In' lowrred ;iir! r;ns<'d in st'ldths resembling the 
cars on iiiounjain ladwaNs, with lienehes ari'anged in tiers one 
above the othei. 

(7; Velocipedes. 

These machines :ire of serviee in long adit levels, and especially 
for superintendents. 
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DBESSING. 

In' a Jar4e imnilxT of cases the' iniucral is not ready fo) sale 
when rajsed from the mine, and eonsiujiientl^^ it has to he sub- 
jected to some kind of sjH'.cial treatment in order to 1)0 fitted for 

the market. - > m 

Tlie processes of treatment may be classihi-d as tollows 

A. Mechanical Processes. 


( 1 ) WasilmKj. 

( 2 ) liaiui-pivldng 

(8) Brcah’ii((j n/\ f^ubdinii^ion, or sba})in(/. 

(4) Aggloiiieraiiou or com^olvlation. 

(5) ^rreeuing or sifting, 

B. Processes depending upon physical properties. 

(6) Motion in water. 

(7) Moium in air. 

( 8 ) Dedcration. 

(9) Ihision. 

(JO) Magnetv’ attradion. 

(11) Surface adhesion. 

(1 2) Separation aceoniing to degree of friahit it g. 

C. Processes depending upon chemical properties. 

(18) Solution, evaporation, and rrgstallistdion. 

(11) Atinospheric vmithermj. 

(15) Cateniaiion. 

(10) CemeMaiion, or preeijdtafion hg iron. 

(17) Ainalgannitiun. 

(18) Disttdafion. 

TtU 
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At Mechanical Processes. 

(1) Wasliing. 

SonK^timos Ihe luinonil comnip: from ihr miio reqmivs to bo 
fived i'roui ]>artio]os uf‘ clay, in ordoi to be roiulo’-od 1?^. 

for sale; at oIIut tunes, the clayoy jtarlielos are llu' valmil le 
mater:;*! and liavo to be separaU'c! fiom wortblcKS sl')i ; and 
tliinlly, eleaiising is desiiable ui oid(‘r to facilitate sort/iig by 
hand or other dressin<^ ja-c^coNse'.. 



Scale. 
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Fig, 252 ,— Rotary washer fur diamond -bearing e.nth. 

A rotary \\a.sbi?ig*mae]une (fig. 252) is employed at 1 lie South 
African diamond iniiies, t<i free the weathered ^ lilue ground ’ from 
the finest sand and mud, ^nd iea e, clean gravel from winch the 
diamonds arc scjiarated by sulncquoiit ]>roces.ses, Tlu* rotary 
avasber is an annular iron pan A, 8 to 15 ft. in diameter and 10 
in. to 2 ft. deep externally, whilst the inner rnn if, i ft. in diameter, 
is <^'nly G in. deep. In tlm*ccntre is a vertical revolving shaft 
C, carrying eight or ten radial* arms D, each provided with six or 
seven vertical blades wliicli dip into the inii^ and gravel, and stir 
it up as they revolve. At De Beers mine the washers are usually 
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14 ft. ill (li.'iiijf'ior. The .stud’ is fed ii. ;it the outer cireumferciice 
hy ;i sh(V>t coining from a screen, and the tnuddy water esca])e 3 
over tlie low inner rim of llie pan. 'i’he teeth fir stirring knives 
are arraiigt'd so as to bring the heavy gravel towards the cir- 
CuinfeiviiCf!. As a precaution, tlie muddy waiter flowing out of 
tli(‘ washer is run into a similar machine, and is stirred u]) so as 
to cateJi a.nv diainonds which may hy chance liave escajied in the 
first ojaM'aiioii. When the ])au has been at work ffir twelve hours, 
a sliding (ioor is pulh'd out at the hottoni, through wliifdi the 
gravel falls into a truck underneath, as it is drawn round by 
scraiiers attached to the arms. 

(2) Hand-picking. 

Various eases arisfi in practice ; the useful mineral maybe the 
main ingredient, and the reluso form only a small proportion of 
the sluiT lirouglkt up from underground, or e/>c twsd. The 
former state of things happens witli eoal, which is frequently 
more or less mixed with shale. The product the mine is 
earned by a broad truA*e]ling belt past ]>oys and girls or women, 
\j ho pick out and put aside th(‘ refuse mid let the clean coal 
pass along. With diam(»uds xve have the reverse. The waslied 
giavel Cftiitains an extremely small proportion of the gems, and 
ill this eas(‘ it is the valnahle mineral xvhich has to be picked out 
hy the workman, wdiilst, the waste is left behind. 

llctween these two extremes are all sorts of intermediate cases; 
the prfxluc.t of the mine may contain the ores of two or three 
metals, anrl the hmqis may xary greatly in richness, so that instead 
of mertily separating good and bad, as is done in tlie instances 
cit(!d above, the picker may have to make several categories,' 
of various qualities and various degrees of purity. Figs. 173 
and 174 show^ Robins belt conveyors used as picking tables. 

(3) Breaking up, Subdivision, or Shaping, 

The clTu'f object of breaking up the stuff ojiuing from the mine 
is to set free the jiarticles of the valuable mineral which are 
enclosed in, or adhering to, particles of refuse. The breaking may 
be done hy hand or by machincr\. 

The hand jirocesses are as follows : — 

Big blocks arc broken up by sledge hammers; pieces of mixed 
ore and veinstone have the refuse knocked off by ‘cobbing’ 
hammers ; lumps of ore are reduced to a coai’se powder by liat 
‘bucking’ hammers; slate is Sfdit by wedges into thin sheets and 
trimmed into rectangular pieces by a long knife, and blocks of 
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freestone ere 'Ll n *1 with the u\e or saw ; pnving stones arc 
shapcil by Speria] Iiammcrs. 

The most importunfc kinds of machines for bri'aUing up minerals 
lire : — 


((f) JJock ])reah('rs witli re«’iprneatin<i: jaws 

(//) Koi'.k-hrt'akers viith ‘ gyniLory ’ action. 

(c) Stamps. 

(d) ItoHs. 

( c ) J ) 1 si n t ogra t ors. 

(a) Tlic ordinaiy stone breaker or rock breaker is a macliine 
witl) two jaws, one of wliich is ma<le to approiich the ot. her, and 
so Clack any stone which lies between them, "I'lu' best knowii 
stone-ln-eakiT is lh(‘ machine invented b\ IJl.dvc. Itft^mode of 



fio. tock-ti'"ukt'r. aa improved tv IbcKivld & Jaik.* 


1. frame, Jiia<le of 

cast steel. 

2. Cii]) of bearing of 

movable jaw. 

3. Cap of bearing of 

exrentric shaft 

4. Cheek 

0. Movable ]aw. 

7 Wedge for movable jaw 
8, 8, 8, 8. Toggle <*uslm)Mrt. 


o Pit Dim. 
lo Hr.t'^s huso 
1 1. euvLi- of on box. 

PJ Itepiaeeable plate of 
nooalde jaw 

n! ileptieealile ]»l:at' of 
law. 

14, 14 'I'og'Jiies 

If). Adpi^tnig wedge. 

m. .Adjusting togolo block. 


17 Kiy wdieel. 

A, Kxreutnc shaft, 
e. Drawli.ick rod. 

('. Adiushirg mil. 
n Oottor, 

K Holt ot drawliaelv rod. 
le Spniig »)t dniwlia kiod. 
(i Cot, tor bolts. 


* Figure reproduced by jicnnission of liadfield’s Steel Foundry Co., Ltd. 
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action is vovv Wlicn the shofi A (tig. 253) revolves, lui 

cxconi Tie r.UNcy tlu; pitman 0, aijcl by hum ns of the toggle-pkitos 
14, 14, caiis(‘s the imnablo jaw G to appnucli the lived jaw 13, 
and so crack aa:y stones lying between them. During the 
desf-ent of the ]»itman the jaw G is drawn back by an India rubber 
s])ring F. 34ie jaws are usually Toothed, the ridg(>s of one jaw 
tx'ing ^'p]K)site llie grooves of the other when the imudune is 
employed for breaking stones at mines. If the object js to make 
road metal, the two sets of ridgos are brought ()])posite each 
other, d’he weanng parts, 12 and 13, of the two jaws are re- 
placeable, and if lh<'s(‘ castings cannot be immediately obtained in 
a disfant count ly, it is possiljle to do good work with flat plates 
of steel. 

(h) .As un example of a. machine with ‘ gyratory ' action, T will 
tak<' Iho Ib^cloii hreaker of Hadheld’s Steel Foundry (V)., Ltd, 
(fig. 2511.'^ It consists of an outer e<mical cup lined with inam 
gane'^e sti'el O 0, and an inner eonical ci'iiiiv II, fitted with a 
nijudle S of the same metal 'Phe inner C'Cie hangs from the 
ball P, whi(*h is carried by I he central shaft 1. 

This shaft is provided with an excentrjc fF, which revolves 
inside the hollow shaft T, when the linving pulley a sets in 
mol ion the }uiiion H and the lievel wheel (1. The 1 ^ 011^1011 of 
th(‘ exeeiitric causes the hollow shaft T, and with it the conical 
centre US, to be constantly approaching or reeetling from the 
outer com'. Slones lying between the two cones are conscpiently 
cracked, and the pieces wdiich are tine enough fall dowm on to the 
sloping bottom shell A 7? A. Tin* motion of tlu' shaft T, and 
inm'i' cone, wdl! be easily understood by holding iij) the end of a 
pencil, point dowiuvard.s, between the forefinger and thumb of tho- 
left liaiid, and then making the point describe a circle upon a 
piece of pajier l\ing liori/untally, wiMiout any revolution of the 
axis of the ]»encil. 'This is what is meant by the makers of these 
conical breakers when they speak of the motion of the cone us 
‘ gyratory,’ or say that tlic cone ‘gyrates.’ 

(c) The sim]>lest mode of describing stamjis is to say that they 
are pcstlcs liftcil by macliincry and dropping into large iiiortarB. 
Tn most cases the blow of tho'Jicstle is caiisi'd by gravity alone. 

A little study of (be acc(>mpaiiyiug figures will explain the most 
important characteristics of a modern stamp battery. ,, 

A A (fig. 255) are blocks of timber forming the solid foiii>dar 
tion, wdiich is rcipiiri'd on aectaiiit of the heavy pounding action 
of the machinery ; B B tin* transverse sills, with the b.ittery posts'^; 
C C, the braces F and the tie-timbers I) D form the framewyotk 
* Fi,cpr(»(Facc*d by pfuiaission of the Company. 
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holding the battery box F, iji which th,.' mineral is 

pounded hy any one of tlu' li\e stamps moving np and <lo\Yn in it. 



Fi(}, 251 -Ha-lfifid k Tack’s ]vitcut gyritory rock and oie breaker. 


A. HoUuiu hbfll, 

15. H(itr.oiH pJatc 

C. Sleeve. 

D. Worm wlierl box. 

E. Woim wheel. 

F. Worm. 

U. Bevel wheel 
(n, Kseeiitrie. 

H. Bevel iniuua. 

J. Belt imlley. 

K. Break pm hub, 

L. Bust cap. 

M. Hopper ami Rphler. 

1^. Topbht'll. 

O, Concaves of HadlbliBs 
patent maiigauebe steel 


p Bull bc-ar»»K 
i) Ib-ltlmj' «lowii washer. 
K. Oa''l steel eeutie, 

S \l.uitle ot HadHeldb 
p.ili nt m.'Ui^aueaC steel 
T. Hollow Bbalt. 

\ Dust ruiK- 
W^ King nut. 

X. Bearlr.g' • & unteislmfl 

Y. 1 anni 

A^*. Countei ^ ‘wft wearing 
ling 

SJ Dust, eollai . 

Ty Cast steel eeiitre for 
w4(tte metal lining 


I 7a-‘ IBuKieid’b ])ateiil> inati- 
g,u)est! st< (d wealing 
plateB. 

1. Oeiitial shaft. 

2 Tighlenuig serew. 

3 f'ouiitei bhalt. 

4. Spider bolts. 

it. Alid-joint boH.s. 

1 (i Main shaft weal ing ring, 
j 7 Nuts lor beaiings. 

I 8 W lought iron dust door. 
, 10 Cast steel top bush. 

Ill W lute metal hush 
! 12 Ball socket. 

111 . Break pm. 


G is a perfouitt'd sciecn or plate which prevents the mineral from 
leaving the mortar until it has heon bronglft down to the required 
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dt!;;ree o? t!neiir.ss. 11 is rhe sliafi crr.Tjin;^ cams, wliich lift the 
stems i>y t!i])pet'-; K K are the eiui'' of die stems of the stamps 
proper; L xs the jtiiiley t hroa}.dMvhieh motion is trausinittcd to 
tile earn shaft ]>y die lielt of the driving pulley M. ]S' is the gear 
Ly means of which the driving heit <^an he tigiitened. Mach 
stamp pio})er, K K. eonsisi.s of a turned rod of iron with tapering 
ends, either of winch will lit into a corresponding hoh^ in a east 
iron cylinder known as the ‘head’ (ligs. UoG and 258). 



lO STAMP BATTERY, WOOOIA TRAMt 


Kic., 255. — Shuttjt Icittvrv, 

The eonieul hole or socket in the hottoiii of the liead receives 
tlie shank of ihe ‘shoi*.' which is made of ea, t iron, cast steel, or 
forged steel, ^Vlicn won’!!, the slioe ca.n he reimnh’d from the head 
by driving a steel key into a shit above it (tig. 258), and the stem 
or hi ter is extraeted in a similar manner hy means of a second 
slot at right angles to Ihe liist. 

I’ltc mortar is shown on a large scale in lig. 25G. ft is a cast- 
iron ho.tL with an opening E at the buck for fei'ding, and one in 
fton , tittod widi a screen, for the discharge. Eig. 257 represents 
the ta[)pet, a hollow eylmder of east iron, which is fastened to 
the lifter by steel keys and a gil*. The gib is a piece of wrought 
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iron fitting tin c.. \ snrfaco of tin* lifU'r mikI c*a])iiblo of boing 
tightly jaminod against it when steol keys urv tiri\<'n into three 
holes in the ta])|)et. As the shaft il revolves, the camli (tigs. ‘Joh 



kius 25t‘., 2r-7 iiii'l -M-irtai, mppel, ;oiil n;un 


and* 208) lift the tappets, and at the same time cause a slight 
rotatnui of tlje stamp vvhieli <'on<iuc<*s lo regular ami even wtvu' 
The head Jk with its shoe 0 (tig. 256y tirops ilowti upon H 
cylinder of ^imilar metal known as the di<>, and it is lietween 0 
and 1) tha,t the mineral is pulveri‘'ed Hoth slice and die wear 
away and have tu he ehamied from tune to time. 

d'ho screens ihrougli 
which the pulverised 
mineral has to ])ass are 
made of plates (»f punched 
iron, stce], or e-opper, and 
oecasionally of wire gau/e. 

The ])iineheil iinles are 
round or in the furm of 
long narrow^ slots, 

Tlie total Weight of Pi 2r»l*, — Head and mIioc ui stamp, and die. 
each stamp wliey new, 

that is lo sa^ stem, head,^an<J shoi*, varies from 4o0 U) 17o0 llis. ; 
weights of >^00 to lOhO Ihs. are e hn<*u. The iudeht of the drop 
varies generally from 6 to 12 in., and there are 70 to 105 (lro])s 
per minute. Ore may be slaiuped dry or w'ct; in the latter ease, 
water Cfmstaiilly ilovxing into the mortar bov carricis oil’ tlie 
mineral through the screi iis Jn the form of a muddy stream 
know as ‘pulp.’ It is estimated that the quantity of water 
used in wot stamping is from J to ^ cujh. ft. per stamp per 
minute, or 200 to 200 cub. ft. per ton of ro(ik stamped. 






TflK KLKAIENTS OF MINING AND QUARRYING. 

witl'i'in l’" 1'>'| li.iy KiiiNt necossarily vary 

i , ; to tluMvcifiiit of the stomps, 

n ll ]'■ « of iiuenoss desired. 

‘ le , u,d V,tl, ...Mreo yr„sl,.i,o for (uIk> mills .'sch LckI yvjli 
.Haiiijj J o] 10 tons in U(>nty1nur liourw. 



iKi. 2()0 ~Kioii,’,-s crushiiiff 

(■p Kolls were introduced irto the west of Ih.Ld.mid in the early 
part of the last century to replace ‘hiickino ’ l,y t,and They 
are a pair of smooth, fluted, or toothed cylinders, made of cast'' 
iron 01 stoel, ulnch revolye in op|)o,sif.o direel ions, and cnish any 
, Stone winch is allowed to fall Detweei; them. ^ 

The eyliudeis arc usually from I ft. to .I ft. i„ diameter, and ' 
1 It. to .i It. wide; they are f^eiierally kept pressed tooetfier by 
le\er8 or sprln^^^s. ^ 
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The best k. .< is Carr’s ('flu;. Ti may 

be dcscribi'd as roiisistinir of two cvlnidrical (’.ai>es r'^volvinj; in 
ippositc directions. iOach catjfe is made u]> of tavo eoiK'fmtrie s(‘ts 
')f bars attached to a disc, on one side and to a rii^i; on the otli'cr. 
Die stntV which is fed into the centi't* is tliro\.n by the bais a n* 
Lif the cage X, against the bars h h of tbi' cage Y , llienco it {lies 
igainst the outer circle of liars r c of X, and tinaliy a_’a.insl the 
DUter circle of bats d of t.bc cag'* V. It tiien I'liters toe "euin 
ferential s])ace c, wboiice it can be allowed to escape !<\ a suitable 
opening in the outer casing/’. 



In conclusion it will bo well to point out. tin uses to wliich the 
various kinds of crushing ma-diiiuN are ajijilied, viz. : ^ 

a. rrobininary bi caking . . Jaw breakers, and ‘gviatory 

break CIS. 

p. Coarse crubhiu^ ... - llolls. 

y. Fine crushing Ftainps, rolls, mills oi various 

descriptions, and disintegrators. 

(4) Agglomeration or Consolidation. 

Processes of this kind arc more ])articidarly used in the cas(' of 
coal or brow’ll coal, small jiiftrlicles of which can be ]iressed by 
inacblnery, either witli or without the axlditioii of some cementing 
material, ini 1 blocks of fuel of convenient sjiapi's ami si'/es. I be 
product, is known to ns as ‘patent fuel/ tliougb the hreiicb term 
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‘briquette’ is likewise applied. Ageflomeration is not confined to 
ijoal ; tine iron ore, snob as is furnished by the magnetic separators, 
would choke the i>lasl furnaces if used alone in the powdei’cd form, 
ind has to bo^inade u}) into solid lumps. Edison adds a little 
[)itch to the powdery ore and pn'sses it into short cylindrical 
‘briquettes’ about 3 in. in diameter and I to in, thick. 
When magnelie concentration comes more largely into use, briquet- 
ling macliinery will jday as important a part in the dressing 
plant of some iron mines as it does already at certain eollieries. 

(5) Screening. 

Screening may he necessary for various reasons, such as 
securing comminution to a given di'grce of hneness, siqiarating 
small particles disliked by the consumer, and dividing the mineral 
into classes containing fragments of apjiroxi mutely uniform size. 
Thus the screen of the stamps (fig. 25’>) prevents the exit of any 
particles of ore until they have, been crushed sutbcienliy ; line coal 
is separated from the more marketable lumps: uniforniity in size 
IS desirable in the ease of anthracite for facilitating combustion, 
end 18 a nece.ssary prelimiiiary to ‘jigging’ in the case of many 
metallic ore.s 

Screens may be flat, cylindrical or conical in shape ; the tw'O 
latter kinds arc known as trommels. Screens arc made of woven 
wire cloiii or jumched sheet metal, or are formed by a senes 
of [laralled bars. The Hat screen usually receives .some form of 
recijirocating or vibrating motion, or the bars of the grating may 
be made to move up and down , the trommels are made to revolve. 

The Hat scnani does far more work per square foot of surface 
tba.n the trommel, because the material is spread all over it 
instead of lying along a line at- the bottom 

Eig. 2h2 shows a common kind of trommel in the form of a 
truncal.ed cone. A is the feed end, B the cast-iron supporting 
ring ; B and F are sieves, 1) a sheet-iron plate. What fails to 
pass tiirougii C runs over to D and is disvdiarged at H ; what 
passes through C falls on to E. Some goes through and the re- 
mamder runs (m to E. Here. .again sonic drop.'^ through, and the 
coarser particles leave at G, Four sizes are separated by this 
trommel. 

Among recent improvements in screens may be mentioned 
th('s<' of Mr W. W. Beaumont and' Mr W. McDermott. The 
Wibroniotor’ of the former inventor enables a flat sieve to be 
worked wdtli less wear and tear and witli a smaller amount of 
power than the ordinary oscillating and shaking screens. 



DKESSnTG. 


253" 


Mr McDornioiV; is worlu'd uiider \fater ; it is not 

utilikc a save ' t sieve is sloping:. Tlie stuff is i>d on to 
the upper end of i-he screen, \Yhich is lying m a baili ^of water, 
and it is subjected to pulsations m the water, prodiu'ed in tlie 
same manner as the pulsations of a jig by a piston rftioving up and 
down in an adjoining tank. Idle screen is kept from clogging, 
and it does not wear st> much as that of a trmumel. d'lio work 
of sizing is said to he earned out very etVectually by this new 
appliance. 

B. Processes depending upon Physical Properties. 

(0) Motion in Water. 

Wliere the valuable mineral and the waste with wliich it is 
mixed differ suffuticntly in specitic gravity, they may be (■■•'^jiaratod 
by a rne.re fall tUrougli water. 



A piece of galena witli a specific gravity of T'o sinks to the 
bottom more (piickly than a similar piece of ijuartz, the density 
of which is only * Nevertheless, a large jiiece of quartz may 
fall to the bottom as xpiickjy as a small picc.e of galena. Particles 
which have eipial velocities of P" •though differing m size and 
specific gravity, are said to he equohfaUing, or equivalent P. von 
Rittinger shows that a sjihere of quartz of 4 mra. m diameter 
would sink in water exactly as quickly as a sphere of galena ot 
1 mm. in diameter, and these Jwo particles are therefore equal- 
‘fallinc^ Consequently, before we can separate properly by water, 
it is desirable to classify the particles by sizc> so that equivalence 
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shall not piTvent a separation or le>Ke}i its sharpness. It is 
iK‘V('rtlu'less I rue that in tlio early part of the fall of equivalent 
,nrain^ li.e nifluenee of the sj>eeitjo ^u*avily j)reponderatos, and the 
ilens.'r [lartieles take the lead ; therefore, by a frerpient repetition 
of von sinait falls, pariieles \\hieh liavi* n(»t been closely sized 
nia> si ill 1)0 separated. 

'i'hf' ])rinei]>al inaehine for eoneeni ratine; particles varying in 
size ,iroiii 1 in. to in. is the jmger. ddio hand jigger is 
luoreiy a round sieve which is ehaiged with the crushed mineral 
and tiicn moved u]> and down in a tub full of water. Kach time 
that the sieve is lowered sharply into the water, tlic particles are 
free to droj) a short distance, and they gradual!) arrange them- 
selves ill 1 i)ers, the heaviest at the bottom and the lightest at the 
to]). On lifting out tlie sieve the layer of spcoilieally lighter 
miiKTaN can be skimmed otl with a scraper, leaving a layer of 
the s])e(alieally heavier minerals at the liottum to be removed 
sejiarately. 

Aceon'ling to circumstances tlic valuable inati'rial to he extracted 
may be the heavier or the ligliTer. 

i'he desire to treat laigc (juantities witli speed and economy 
has led to the introduetion of jiiaehines wi»rkmg conlinuonsly, and 
the continuous Jigger is one of the most nseful dressing machines 
of the present day, both from tlie point of view of the ore miner 
and of the eolheiO It consists of a box or vat divided by a partial 
partition into two eomiiarlments ; in one is fixed a flat sieve y 
(figs. LMib aiid 2fi4), wliich eaiTK'Stbo mineral, in the other a piston 
p is made to work up and down by an excentrie. ihc vat being 
full of water, the ranvement of the jnston causes tiic water to rise 
up and fall down through tlio mixed minerals, lifting them and 
letting them fall repeatedly, d'lie etfect of these frequent lifts 
and falls is to cause a separation into layers of heavy stuff at the 
hot lorn, light stufi’ at the top, and mixed stuff in the middle.' If 
lead ore in a calcareous veinstone is being treated, we get clean 
galena at the bottom, clean ealc spar at the top, with an iuW‘ 
mediate layer of mixed galena aiel calc spar. The conditions are 
reversed in the case of coal mixed with shale, for licre the useful 
mineral is lighter than the waste. When treated in the jigger 
the coal goes to the top and ilic shale sinks to the bottom. 

The great a<l vantage of the machine jiggers is that they readily ' 
allow a eontinuons feed of the stuff and a continuous discharge of 
the products without any stoppages The stuff is fed on from a 
hopper placed at one end of the naeliine, or is delivered already- 
mixed with water. The two commonest methods of discharge are 
at the end or through the meshes of the sieve. 
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With the hrst flie li^'avy product lyinfC on thd !si('ve passes out 
through opuiiiii^b .it the cud of*t}ie jigger, find the amount 
escaping is regulated by ;in adjustable shutter wjiieh enables the 
size of the outlets to be inetofised or diniinislied at ]>l(.'?isure ; the 
middle product can bo drawn olF by openings nlaefd at a slightly 
higher level, whilst the light product is wnsheil over fi sill at tlie* 
end of the sieve at each pulsatioin Very often a lirst sieve 
simply separates a conccnlratcil product .and disch; rges a poorer 
product on to a second sieveyvhere a similar sej)arfit!nn is ciicclcd. 

The discharge through the su've is specially adapted for the 
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finer products from tlie crusher, Ihougli it is also used for grains 
up to and even above in. in diameter, d’ho incsb of the sieve 
is chosen so tiiat the p.articles niider treatment will just pass 
through, but abovp f!he sieve is a layer of some substance of about 
the same density in fragpicnts loo large to drop througli. The 
pulsations of the water ca.isc ‘ i. n'mil separation into Layers, and 
the heavy particles find their wfiv down through the bed of 
mineral of like specific gravity and (ln»p into the vat below, 
whence they can be drawn off through fi liole .as requirf'd. 'The 
lighter particles pass over a siipplc sill .at the ciid of the sieve, or 
to a second sieve if necessfiry. Three or four sieves are occasion- 
ally arranged in a row', if necessary, in one machine. 
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Another mobho\5 of witli the aid of water is to allow 

the fine particles t-o be carried down an inclined ])lane by a stream 
of water witii the inclination of the plane, and the quantity of water 
so rei:-nlat,ed that the heavier particles will settle and the lighter 
onC', be was) Hid away. 

A simple but largely used machine of this class is the Frue 
Yanner, wliich eommeiids it^'clf by its conlmuous action. 

It is an endless band of iMdia-rub})cr cloth, 4 ft. vsidc and 27 
ft. loiig (fig. 2G5), suj)ported by a frame with a number of small 
rollers on which it travels easily, 
when driven slowly ni the direction 
(»f the arrows by the upfier end 
roller shown in the figure. The 
small roller by the siile of the 
large one, which dips into the 
tank, serves for tightening uj) the 
belt wdien re(]uireci. Fhe wlu'le 
frame carrying the belt receives a motion sidewavs from three 
little cranks upon a small shaft running pa.railel to it^ length. 

The stream of water and fine ore is fed on at A, eiean 

water at H. The natural iiath of tlie ori'V stream is down tlic 
: lolined belt, but the speeifieally heavier particles settle upon it 
and are carried upwards Those that can rcMst the action of the 
stream of (dean whaler at il go over the end and are washed off as 
the belt jiasses through tiie tank. Tiic })Oor stuff falls into a 
w'asto lanndor. The degree of concentration can he regulated by 
tbo slope and speed of the 1>elt and the strength of the streams of 
ore and water. 

The Elliott coal v\,ishev* (tig. 2GG) is a wrought iron or steel 



Fig. 266. — Klliott e.oal wasker. 


trough about GO ft. long and 1 8 in. wide at the bottom, with 
sides sloping outwards. An endlcrs chain A ?> turning upon 
sprocket wheels 0 1) drags a number of boo like scrapers along the 

* Fnmi a drawing supelird by the Hardy FiUnt Firk Go., of Shi'ffield. 
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trough, whjl(<t th. . ! fed in at-'E and water near A. Tlie 
size of the stream of ^vatel and the hlopc of th(' trougli are so 
arranged tliat tl»e light coal is waslicd down and disoharg^jd at F, 
whilst tlic h'livier shale and ]n riles are draiigcd nj) against the 
current and shot; over Ihe u|i[)er end of (he iroueli al U. The 
apparatus is ejwceedmgly simple, and a hO-fL. trough will wash 
from 100 to 125 hais of coal ;i day. 

(7) Motion in Air, 

In eountrns where water seai-ce^ or \\hen (he valuable 
mineral is specially liable to i>e atVeeted or earru'd off by water, 
air lua}" he emjihAed :is a. luedmiu lu wdiicli (‘(anaait ration takes 
place; luovm’e.r, ]>neuiiialie lnachlne^ aie not hugely cnij)lo}ed 
for dressing; pur[>oscs. 


(8) Besiocation. 

Minerals have to be dried in order to g'd nd of inoistuie 
objectionable to the hu\or, or interfering witb Mihs(M|ueiii ojx.'ra- 
tions, such as bmpu ttnij, pneumatic coiK'eiitnitiuu. or certain 
forms of magnetic scjiaratiou Drying may be e .nied on in one 
of the following ways; — hixposuro to the air, ojien tiros, heated 
floors or jiaiis, stoves or kilns, hb,er presses. 


(9) Fusion, 

A dillerence between tho melting-[M)lnt of the valuable mineral 
and that of the iceompanying waste in a few cases as 

a basis of sejia, ration. Suljihnr begins to melt at a temperature 
of ll'T'O C. and heeoines thoroughly lupiid at 120" ; conse(|noiitly 
when sulphur-hearing limestone is heated, tlie sul})hur runs out 
in a fairly pure state, leaving the waste behind. ihvicLicaily the 
whole of the suljdmr of Sicily is ohlained by processes dependent 
upon this smijile fact. 


(l(t) Magnetism. 

This force was at flrst used simply for extracting, by means of 
a permanent or an electromagnet, a rich eoneentrate of magnetite 
from ores cu an para lively p<‘or in that mineral ; it wets next 
cmpleycd for the purpose of Vtanoviug magnetite from ores in 
which it jilayed the ]iart of troublesome refuse, hater, inixtup^s 
of chalyhito and bleudc were roasted in order to convert the 
former into magnetic oxide and so render it easily separable. 

17 
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TIh.* lilendt' when fii't'! frein iron iH'ouinc ru'h enoiig^li for 
s:\l( . 

One O)' (lic nrtchinrs wliich lias hecn l.ii<jt'ly oinjiloyed in 
Sui'ihn for tiiy |nu (x^sc i.f (*oiu‘i’'utr;i.linir ])oor nui^nclic iron ore 

IS l.hiii, o1 Woiislrniii (hu 

\\ ('list loin’s nuiLon tu- si-]i.ival or Ims a. si.Di^iiiary eli'Otro-maonct 
A and a rovoiviii.u annataire h-u-iol li, (MUMstiuj of a uinnber of 
.^oli iron bars sofviraDsI liy strips of wooii. d'lie electro mac:nct 
lies on one '^ide of th<' cenUe of ihc iMm-l, so tJiat the iron bars 
of tlu- nrinatnrc beconui maunctiMxi diirin.: only a jiavt of the 
ii'vo]iii!on (Ms a ira} lecibiie otc on i1k top of ibe barrel, 
h a siioot it.r tlio nt#n-ina,c:nc! ic i^arlielos, aiid 
\'] a s]»(»ol I-'i tii<‘ concenn dc. The inau;ncl,ie 
a'aiits adlcrc 1o tin- sof* ii’oii 1-ais when these 
.o'r near t.lic electro- iiKi 2 uet. and are earned 
0 1.^1 h a.' (he Itaind iwoUiir. ; but. as tiie bars 
leci'de from die tueelro ui.mnot tiiey lose tlieir 
)iouer (ff a.lU’aetion aii'l let tiu' ipm ore (Irop 
int(' lA 

Welliei-ill’' wa' tie' fii'-'t lo point out that 
ina'/iieti.'in eould be sucee>>lull_\ nst d on a 
eominercial <(‘a.le io»' t\t rro’ting minerals liitbcr- 
1(* eoiisidired as noii-inaetnetic or <.nly feebly 
mairneiie. Ainoii^ tbe.se minerals may be 
mentione I syiecnlar iron, red luemalde. brown InemaTiD , lazurite, 
liuntkuplerei/, copper pontes, fah'erz, zinc bbauJe, monazite, 
woiiram, apaliis, .nid b'rrueinons minerals siicn a.s ina a,, horn- 
lilende, seipentine, a'-be^tos, eie Pin' principb' of all tin' Wetherill 
imu'bines is tbe pioduolion uf a m.ienetie tield with sneh powerful 
lines of force ibat even feeijlv mairm'ta Md'stama's an' attracteii. 

Xai’imis arran^cnK'uts have 
ifceii and arc in use for tbe pur- 
pose A maeliim' emfdoyi'd with 
siieci .^s in (b'rmany for separating 
spa 1 iiose . iron from zinc blende 
lia.- its ma-iiets arranged as shown 
m fig. 207. A nuun pole N in 
the middle luis i,wo 'poles S and 
S at the sides with the object 
of giving a long rnaanetic field. 

Ibg 2*M explains how ihe worlv es carried out A large ciectro- 

* Si'lmellv, Da* K<Mls’']i'nl*' .■i.'it livii' Civhioio dcr iimgnoti^vhon 

Aufiicuitune,’' Vci iiiinJ/uiin< ,1 tAs /Avroi.s zur Befonh'nm-i ct.s i^ewrrhflctsscs, 
6th Oct., ]yu 2 . 




f'lo 267. — Ahii;liel <)t eiu* (d ihc 
Wrtlu'vill M’par.nor.v 



^‘Iuu^s iiuigiicn* 

.■.<'[iiiiaoa. 
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magnet, hat- it . g -h1ia[K’d |K'1 c ohclo.M-d between tlie tw'u i)o]es 
of a piece wrought iron, corresponding !■» S and of lig. 207. 
When a current p.i>ses t]in)a'j:ii the e.oil, a pow ei ful*in;ignr*Me 
field IS gonerated whore tlio thu'e edee^^ come together. 

The ore contained in a ho]>pe! is fed In :i revolving roller* 
on to a holt 1> whioli around the tw^u rolh rs, and is driven 

in the '■lir(‘ct.ion of the arnnv. ddiorollor ]?, is Boarraieu'd th;>t (Jie 
belt ‘disehargi's its eonteiits witldn llie magnetie field. Non- 
niMgiiet.ic, juirticles drop ut tmeo, \dnlst the magnetic jsarlieli's are 
oarriod towaids the ])v»]''s and would stich to tliom were it not 
for t.he hell 11, 1 evolving round the two rollejs N and M. T'he 
inagtierii'. particles travel a ht.t-l<‘ wM,y with tlto ludt and fimdly dirop. 
iJy ariMiigin, suif.dde jntrtitiou'v it is enyv to make tlirei' ])iodiicts, 
vi/i., <;le,in ^p.iih so nnn fallmg in tlu' left hand eomparlmont, 
bh'iide 111 th(' nglit hand «»ne. and a middle ]>todm'l lud' - e;i them. 



T’o gits. — Wellicnll .'•(’i.aiMloi. 


Several othe) I’oiins of Wotherill sopartdorb are iiiado, and one 
of tln'in can Ix' employed for ores in tho wet. sLitig 

In a similar tiKiiim'r hlonde or (vipper ore ma\ he st‘])arated 
from iron jryntes, hhaide irom copper ore, garnets and litaiiie, 
iroii from diamonds, wolfram from tin ore, and mona'/iio fiom 
quartz. 

*(11) Surface Adliesion. 

It is onl\ within ihe "ew ^ rs that this juopeitv has been 
made use of m drowsing, hiaino.uis ,:tiek lo guasf> mnic readilj^ 
than Ollier mnicrats ; eonseijucntlv if llo* eoncenti'afo I'loin the 
jiggers eoutaming diamonds, ga.rm'ts, zireoii'', disthemg diopside, 
eiistatite, Uiagmait.e, ti lam. ■•non, pyrites, olivino, ('t.e., r- washed 
dowm an inclined plane ex^vereif with y thin la\cr of grease, the 
diamonds adhere and t he otliei mniorals an' w alined oil. Tins 
process saves a large amount of handyacking. 
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1 bplievfi AFr. Kobsoii was tlic first t) point out that peti’oloum 
slicks to nniiy of tlie inot.illic ores and not to earthy minerals, 
and l]j:it*a svsh m of concentration niav be based iii)on this 
jijopcrfy. Tbw process was inipioved by Elmore, who, nsing an 
execs-, of (fil, tloalcd the coueentra.tt‘s to the sui’f;ice of water and 
siibscipu'iitly si‘j)!ir.ded ihcm from the oil Ey treating the mixture 
in a (‘('iitrifueal drier. This has been siijierscsh'd bv the Elmore 
\a,cuii>u process, a small <piantity of oil bcine used and tile air 
bubble^ releasi'd from water, und(‘r a partial xaeiiinn attaching 
tbemsclYcs to tie' oiled snlpliides and floating I bem to the surface. 
The ^e pa red ion is etlected in a chand>erat the t o]) (d’ a. si])hon, down ' 
tiie long leg of which the tailings are continuously delivered. 


(12) Friability. 

Soup* minerals arc more easily cr urn hied and reduced to pow'der 
tiian others; and if tlx' djireieiieo in fnabllity is great, it is 
possible after erusbing to rUlect a Be^iaration by a meie fti’occbs 
of sifting. An instance of this rare melln^d of eoiieontration 
(teems at tlie grapliite mines near 1 'assail, in Ilavaria. The 
osofter kinds of mmeral obtaiiu'd from tlu' mine ai'c ground in 
mills, wdien the thin greasy 'dj^.^tie, plates of grajhito iirrangc 
themselves parulh’''lv to tlu^ surface of the si ones, and preserve 
their flat shape, w lnle jiieees of more brittle minerals are reduced 
to the state of fine jtowder. The ground ]trodnct is sifted upon 
fine silk cloth ; the dust, jioor in gra])hite, passes through ilie fine 
holes, hut the scales of grajfliile are left behind. 

C. Processes depending upon chemical properties. 

( 1 .*5) Solution, Evaporation and Ciystallisation. 

Processes of this kind arc employed by the miner with minerals 
such as borax, rdtrate of soda, potassium salts, and common salt, 
winch aia; soluble in water. 

iShtrate of soda is freed from the earthy matter with which it 
is contaminated by throwing the ralich/' into water, diawing off 
ihe solution and cva]»orating' it until it crystallises. 

Tiie extraction of gold bv a solution of eyauide of jiotassinm 
must be regartled ratlier as a metallurgical than a mining process. 

(U) Atmosphenc Weathering. 

When exposed tq the atmosphere certain minerals and rocks 
’ gradually disintegrate, and the crumbling up may set free vain- 
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able constituents wjiicn were previously tigiiri} shut up in au 
earthy shell, and so facilitate tlieir separation by fyibsequent 
processes. It* is especially in the case of (imiuoml-bearing rork 
that a weathering action is carried out on a ha-j^e scale and in^ 
a very systematic Luanner. Tiie rock as it comes fioiu tlie luiiiCK 
is spread over the ground and there left for months cx])osed to 
the atmosphere; the lloors laid cuit at Kimhi rh'y for tree m g the 
‘blue gnjuiid ' of the De Beers mine occujiy some tJmusnids of 
acres. After being left some lime, tlie ‘blue’ is broken up 
by means of picks into j)ic« cs not larger than 1 iiieiies cube, and 
is again left lo dry for a. further ])eriod, until most of tlie natural 
water has ovapurati'd. Tlie a.rlilicial ‘diamond held’ is then 
watered, to aid the disiuiegratieu, and lastly harrowed and rolled ; 
in fact, the miner endeavours t.n hriim about the pulverisation some- 
what in tlie same w'ay that the farmer prepares his land lor'tillagc. 

(15) Calcination. 

TlTe object of calcination or roasting may be : 
a. To etl'ecL a cliange in the chemic.al eon)])osition cT n vahuihle 
mineral, and so jiroduci' either an ordinary artu'le of eommeice* 
or one that is more readily saleable tlian the raw' malerial, 

/j. To ellbct a change in the chemical C(aupositiou of sonui of 
the siihsianccs ;„ccompanyiug a vaJuable mineral, and so get rid 
of them or render them more easilj' separable by other ]u‘ocesses. 

The commonest cxam])le which can be cited is burning lirm‘- 
stone; the action of heat is made use of to drive oT the carhouic 
acid and leave quicklime. Another instance is furnished by tda) 
ironstone, or any ori' in \vhieh the iron occurs mainly in tlie htrm 
of carbonate. Bimple exposure to heat converts ferrous eai boiiati* 
into magnetic oxide ; the former contains 48 jier cent, of non, the 
latter 72 per cent.; consequently, if the ore has to he sent to a 
distance there is a saving in freight, besides whicli the o?'e is more 
acceptable to the ironmaster for his furnaces. 

(lypsum is caleyietl in order to expel the water chemieilly 
combined witJx it, and c< iiyTt it in<(» planter of l^•lns. 

Partially coiieen trailed tin ore ( r„r/fs) is roasted in ordti’ to con- 
vert iron pyrites and mispickid into pnlvernleut oxides w hich can 
easily bo separated by washing. 

(IG) Ceijientation. 

The famous old Parys mine in Anglesey (jfford^ the most im- 
portant example of cementation carried on^ at a mimi in this 
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coniifii y. (V»pj)t'i'y whDt is puinpod out of- the mine, and is led 
into Lni-kjmcd pUN ( onUuniini: ^ol’a}Mron. The iion is raYod over 
from t-imo to tnuo, and ovontualI_\ the old puts> IsoUlos, shovels, 
me. it tnos ('De/pa^s into hoinli-Hi, whdo the eopper is precipitated. 
The iron used is not hml, ; the ferniiiiimns soimieji rnnnnig away 
fj'i-m the preeipitatiim' pits is ltd into iare.e poitls, and there cx- 
[)o^e 4 to the aefion of tlie mr and ram. The dissolved iron 
LO'adually passes to a liiiihei’ stale (>r(‘\iilation, pi'i id neiujj!: insoluble 
oelires. and little by fill le a deposit of this suh' tance forms upon 
the fiotloiijs of ’ lu f)ip' p iiiils Aceoidmer the strength of the 
irony solution -saiiphed, the pruids jire mn tiry and elearcd out 
once in e\erv two or thn'e iiemllis Wind and rain aid the pio- 
cess oi oxidation. 


(17 ) Amalgamation 

tJolii and "dver are ofDni extrar.bMi from iheb' ores by atnal- 
Lramatioii, ihat is to -.ay, by proee^.^es based np.m tiieir atFinity for 
nmre.nry. In fbe ease of s.iKer ores i)ie procisses aie often' com- 
plex. a,nd rcijuire the sulphide ,ind oibei' emijp'ainds of the 
»]ireeious metal to he hroimht iiitu the stab- of <-h!oride before 
anuduamariou is pos.dhle ; oon>('(|uentl\' the treatment of such 
ores lu’loiigs ratiier to (.he smelter than to tin' miner. On tiie 
of.her hand, witli nativi- ir^ld the pr"ees..'< mMiei’.dly smi[jlej and 
the ore goes straight from the pit to extraction works. 

'khe am.dgamal.ion of gold l.(ke^ place liy mere eoulaet, eitlu'r 
w hen the particles t(>neh the mercury as they slide or roll along 
111 a enrrent of vvaler, or w'lieji they are in some way meohanically 
rubbed against it. 

riie gold-bearing uravcl wasiied dowui h.y the hydraulic; process 
(fie. iH’J) is coiidueted iut<< long troiialia with a, movable yiave- 
ment. of wood, stone or iron, so arr.mged as to create ecldic's. 
'i’hoHC may suflice of themselves to collect the gold, but tho ex- 
traction is often aided liy adding iiiereurv, for the p.irlielos of gold 
scoured by" the rusii of sandy 'rater amalgfmcite wiib the quick- 
silver the moment they touch it. 

Where gold quartz is stantjied the process is somewhat ditforent. 
The pulp discharged through tlie grates of the mortar box is 
allowed to flow over an mcliiied table, covered with a sheet of 
copper which ii.as lieen amalgamated. The bright silvery surface 
is then cajiable of picking u]i thc^lit.tle pnrtieles of gold in the 
pulp and relaiuiiig them in the form of a, (‘oating of amalgam, 
which is naturally thickest wdiere the pulp (ir-st comes upon tlie 
table. When a sufficient thickness has accumulated, tho amalgam 
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IS scrapt'tl (iff, w., ’’ ' fuixi'd rvditth* frosii (|iiii-kMi v»'r, \\a<h(‘il 

will) wiitc.r, and iinally jUL-ivaMi throiiL-h canvas or 'duiuiois 
leather. The^ Iiaid miii.iIl! un s(i ol»laine<l i.- (lisiillr(k and ihe 
spongy irold rcniaitimi;- in the itiort ls inched and ca^l into 
iujjjots. d'he luercni'v i- e..iiflensi'd and wed uvcr aLi,im. 


(1"^) Distillation. 

It may be said that disi ill.it.ieii w a pnicdv [divsiea! pmeess and 
consequently should ha\e been dealt vvitli under tin* previous 
sici'tion. Tlnsislrtie >1' one i.s de.diuu solely with the (mv(_' cjif a 
cliaiiire from iiie hquid into (he i;.ise<>us state v\nh suh'-epiK'Hl 
ccmdiMisarion , hid tin- mo'-t important in^iaiiee of distillation at: 
miiu'S is not, of thi'' eias-i. t'ok.nq is a ju’oec'ss o( di^i illation in 
whieli tlic apnle-ation of heat i'M*ates ,->nndr\ lompoemU ^^llieil 
pievioii^ls did not e\i,st m tii(Ma»ai : the same ma.y he 'aiA in the 
ca.sc ot oil shale. W'iiedier these proei sses of desnaietivi' (hstilla 
tion should he le^-arded asuit-lau ••r beyond the domain of the 
mii’A-’r is a mailer of ojninon , ihi'v ire so frequenil\ eamed on 
near the pit lop .uni i)\ the pio^iri'din (jf the mine, tha.t tin' 
student, ho is dednais of heiiej aequainted 'vith ai! the i.perations 
which a mining eiiL^ineer soineLnnes lias to supi riiiti nd. cannot 
aflbrd to i'_;nore them 

Tlie ('.ommoin'^t mtthoil of makini; coke i'^ hy beehive ovens. 
As the name telk"' ns. these are ovens in the ‘-hape of the straw 
skep or liive for hee> : the-v a.?c*a!'Ou(. 11 to 12 it in diameter in 
the bottom and 7 ft. 0 in. to 8 ft. liuh. 'Pile floor i.-i eliamed with 
a layer of coal alumt b ft. tiuek through a sale opening whieh 
is a.fterwards built up; the warmth of tin* walls fr.-m a fu’cvious 
firing soon drives ofl iias whieh i;jniterv wdion ii gels into the Hue. 
d'he top of t)»o oven thus becomes filled wiih huriimg gas, and 
thc,lu*at so produced diA'cs ofl more xolaiih matti'r; this m its 
turn luirns, and j,he pi mess goes on with iin'ie.ising vi;j(nir until 
nothing is lett bdinid but coke, d’he tiooi is timn pulled down 
and tho coke raked amt and quenelicd with w.der. In ^hi^ old- 
fashioned pimcess'dl tlu' vidatih' malter imrnt and si'rves no 
useful process beyond fnnnslii heat, ef whn]. the supply 
obtained is more than spificien:.. In order to titilis(; tho con- 
stituents of the coal to greater advantage, coking is often per 
formed in fire-hri(;k retorts from which tlie volatile matter is led 
into appliances for collecti.x* ammonia and najddiia After these 
have been extracted, the resiil^aal gases arc available for woiking 
gas engines. 'While admitting that the valiu' of tho jiroduets 
obtained is greater than with the hee-hixe oven, the mine owneT 
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is iiinvilliiiuf to aDanHon the ol<l |lro(■<^^s, and for two reasons, 
tirst, the outlay lor a new j)lant and the npkeep are consider- 
able : aiuhseconill 'T, the eolu' is not so easil y dis[)ose(] of, as it lacks 
ccrt.iin outward eharaeten-^ties of the Ix^e-liivc oven product whicii 
fpurchaseis reirard as an index of quality. 

Prohalily thepre|udice a^^an^sr the newer form of coke will soon 
dbajipear ui tins country as it has done, in ^icniiany, and the bee- 
hive 'j\oos wdl be snpers(Ml('d by ilie more economical retort- 
ovens. 


Application of Processes. 

d'ho series of protx'sse.s employed by the miner in jnaqiariiif^ his 
jjT'oduee for s.'de Vanes not <)n!v aeeonliiiL; i>o tiie nature of the 
partieular mineral, hut, also aocordim: to tlu* of it.s particles 



ami tin* nature of the other minerals with which it is associated. 
Spa(‘,c will not admit more than llie hriefesi outline, nor is it 
nece,ss!iry in an elementary work to enter inio details. 

Arsemeal pyrites, mixed it may h(* with tin or eopper 
ore, is roastod in re\e^herator^ fuina.eos, and the hot eases are 
eondueted into ]>viek ehamhers, the walls of which soon liecome 
coated with layers f>l solid arsenious acid. ,V’ho erndo arsenic 
resullm^^ from the treatimmt of tin ‘wtuls’is nsually of a dirty 
j^n’cy e.olour owimr to the admixtuie of solid earhonaecons parthdes 
depooted by the snmke ; jt js spoken of as ‘arsenical mot/ and is 
sold by the miner to the works where it can he pnrilied hy being 
re snhlimateil. 

Coal,- The <'.\tent to wlneii eoid is prejnred for the market 

Kn-ihlev, “ ^’nkf-ni!ikini( at the Oliver Coke-woiks,” Trans. Imt 
M.E . vol xx'i , UK).', I*. '49a. 
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varies greaiiy. •[)ro<hict of tJio jniiie iiiav be ready for sale 

after it lias .'.iiopiy passed over a seret'ii tv) t;ik(! out tlic small : 
and on the other band, if mierminufK d with imu’h sliaV* or pyrites 
it may rcqinre to undergo an elaborate ^luaes of erushiug and 
washing };roeesscs to tit it either for N.d(', tin i oftiUL-' oven, or ih*' 
briquetting plant, d’he brown eo:d vd (b ruiiiny, (‘our untiig about 
50 ]ior Cent of waUa-, has to be lined in .'special kihis belon* being 
sent to the britnudting pies-^es ^ 

Anlhiaeitc dressing isineielyan ebiborate system of seri'eiiing 
after the shale has been pieki'd out. 

Co^ij'^r (hr. - ('op})vr ores aie treated by enishing in rolks or 
stam]is, sizing by liommels, and llien jigging and Imddliiig; in 
the case v)f some of the ores whie.h are very fnahle and v'asilv 
carru^d aw:i.y hy waier, liand- picking is enqiloycd to a greati-r 
extent th-ui with lejtd and tin on-s, and the ennchmeid ^hy wa,tor 
is not carried so liii' on aeeount of the inevita,bl(' loss that would 
ensue, d'hi' amount of eoiua-ntraiion depends upon the bi.-tance 
fr(>m the smelting works, and the uiine-owiier has to cahadate 
wdi^'lher it is )/< tter to get a. low ])iiee for a largo quantity ol ore, 
after paying the ea.inage, (U* a highi'r price for a small lot, uheu 
due allowaiua' lias hemi made for the eo>t of drt'Ssiug and tlu- 
sustained in tha.l [irocess. 

Dltinuji'iin,-- TUv dressing of the diamoiul-hearing ri/ck of 
South Africa may be divided into the following separate opeia- 
tions : — ' 

a. N.ltund di^'ini e^ration under atn)os}>heric agencies, aided by 
watering, rolling, and harrowing. 

!>. Screening in a revolving screen, with holes 1 inch by J 
inch, or 1 inch by 1}, which takes out coarse luuqis ; those are 
returiK'd to the dejuisiting flora’s to undergci the weal liering pro 
cess a little longer. 

c. Washing tlic fine in rotary pans, which separates clean 
gravel from the fine sand and mud; the latter How' into .uu'tiier 
similar washer, where the pmeoss is rejieated in ease any diamonds 
should have eaeapor^in the overflow from the first. 

d. Preparing the clean gra\ol for the ‘[lulsators’ liy dividing 
it 'into live size- by me.^ns of a " '’tabJi' c) lindrieal sie\e. The 
largest grains diseai’d<'<l by the sieci* are plekt'd o\er at once. 

r Treatment in a ‘ ]Milsator,’ wliieh is simply a jig with con- 
tinuous feed and discharge like the Jfartz jigs, d’he bed is 
formed of leaden bullets, A*eouccutrate, containing the diamonds, 
passes through the bed, aiifl refuse goes o\'cr the edge of 
the jig. 

/, Picking out the diamomls hy hand. * Tf tlie concentrato is 
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pasKoil over f^nasi' tables, a eortsiflerable aiAoutifc of hand-picking 
is saved, 

t/o/'/. - The t>tocious metal may l)e extraeied frotii^ simple sand 
and ';'av('l by a.'Jdiug \vat''i- and aU<i\viiig the otrefiin b* run along 
fjH-eiatiy desigiu'<l IvuUi^ius with cn* without mercury. Wlu'ii gold 
IS eiii los(‘d ni h u’d roe];, bueh as rpiartz, or oceans in a hard 
eoiiglonierate, lie; anrderous stone has (o 1 h‘ cinshed in order to 
.set Lhd 111 eta,] free. 

Th(‘ ei'iisinng is mostly efloc-ti'd ]>y sbme-breakers ami stamps, 
and mm-h of tlu^ metal is t hen canghf by passing tlie })u!p over 
amalgamated e.oppi r j dates : wiiat ('seajies is passed througli classi- 
fiers, and tin; various prodm-ts are eommonly lieited liy tlie 
eyaukle proees-. Tlie uold ma_\ also be (‘Vtr.ietod from ibe 
concenlraies l>y eiilorjiialrai. 

Inrtt , ^Viiii a suiKlaneo of small intrinsic \:dae ld>.e iron ore, 
tiie methods of di'e^smg must ite ni<‘\pensi\e if tiiL\ are to be 
eoniiuendall V profitalde; and it may ]>e saul i ha,f ii.o''( oi' the iron 
of tb-day is 'ddained fi'oin ore-, w [ti-di g(idinel t-o fhe .^irndter 
without' any prepaa’ai ion iu‘\''nd pielingont liu' K.i'uso hy hma*! at 
tlie mm(‘ or quarry. ( 'alcination. as already iiott‘d, <. mployed in 
Vie cas(' of the earlionate. Iron oic is soon timos ua-hed m order 
to get rid of mihori'iit elav. and at tlie mines of Xotlh bane.ishire 
some 01 the ]i;ematii.e, mixed with cla^\ and Mlieeous matter, is 
made tit for tho blast furnace by ei-nsliing and jiguing. 

In ttiLs country the supjdy id' magnetic iron is im-igniflcant, 
and conse'iueiitly we cannot sho‘w e\<uii])le,s (d‘ conccjiTiatiug by 
the aid of magnetism, such as may i'(‘ found in Swodeii and in the 
[initod tStafais, where I he method is oce-u]>yiiig mmdi titleutiou. 

Lf'aii. Moeli of (he lead ore from veins is dressed hy crushing, 
sizing, and jigging; the ])articlcs under 1 rum., or at all events 
under mm , are treat ( h 1 hy revi.Miig ta,h’ea, pere-iission tables, 
, endless hefts, or buddies. 

Tlie crushing is done first liy a stone hreakor and then hy rolls. 
Tlie crashed ore is classified by revolving screens and the re- 
sulting grains are concentrated hy jigging. «l^n'ticles of ore wdth 
adherent matrix must' he re-ernshed, sized, and jigged, d'lie liner 
sizes are classified iiy pyiaundal boxes anti coiieenlr.ded by frames, 
rotating tables, and buddies, 

Flio.<j/Iiatp *;/’ Llwt'.— Thii varieties of this mineral are so 
numerous, from tbe iiard comjiai't apatite of ('anada to the 
jiulvernlent miimral from tlie SoirimC di.striet, that -the modes of 
treatment imisi ueecssarily he exlremcly dill'ereut. Very often 
there is merely a prdiminary waishing, follow^ed by drying and 
grinding ; the fiucly-groimd mineral is then put up into sacks 
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ready for the '* ]ij other (^iises the luinei’ satisties hiiiiself 

with iM.'rnoving al] waste, and h'av<‘s to otiuT ]>crsou.s siudi processes 
as luilliiig or,ii:aiiufacture uifu ,sup'‘r}»ho■^j>l^a^(^ * 

Q7iirkKiliJ'r. — The gieat intnu-ic. \aUie oi ^ (jur‘k^;l\('r ore 
eiiabh'H liand p.ii’king to h'- c‘u')ied I’oiih v tlrin uoidd h^ 
compatihli- u t(h a mineral of hi l!(‘ \vorr,h. At l^liia ilie loss of 
inerciiry was so -rcat. nndi r {h( old Mstem of ui t drosing, m 
S[)ite of tin* higii ''peedi-* g^a^ ity of ciiiinha”, that, thi"' hieiliot] 
was gi\s.ii np some iii'ty years ag*'. .\ *wa{la\s. tie pri‘]).aral ion 

f<ir sirndting is done soidy hy ernshiitg. o/me,, and hand- 
picking. . 

SufL — Rook salt, may la* sold wMlmui. .in\ l rea ( ment, or may 
he prepared for the maiKct hy l|■^}iinl' : a saleaJde pi’oduct is 
ohiained fioirt h»iue hy simple e\ap‘»iatmn. 

Sih'-'i '. — Tlie ores o I sih-'r may i)e liMdial into t\\ o ,,e, lasses — 
silver m-e.s ])]M]jer and aiyrnd th-uins liad and ('opper ores 

Many i)l' Uu. sd\er minerals aie ver\ fnahle, ,iirl ao hahle to 
he carnet! oil' v.itii the refuse, if Mihjecfed 1<, the ordinate ^^et 
diSssing prov‘evs(‘s ‘ tlie preparat-ion of siieh ore- tf the num* ]s 
ycneralls l!mite<l to crushing, ni. •kina', and etdthiiiL;. TJie miner 
tlien nlf'jale.i lo otliers tlu- t.isk of txtrae-imo the pri'cious md^d 
hy methods based u[)oii ils alhnity' for ([ui(k-d\er m’ molten lead, 
or upon the leai Innir ];ir<»pei lies of eoriain sails. * 

Atgentiferons h'ad and copper ores ai’e eomontratrd h^ the 
processes in \oeitr for the baser imdaR; if iho pronorhon of 
silver is laige, a g»c:iter tmuami of laiutur may he expended upon 
hand-pick] ntj and cohlnng llian wimld Ir- poindssihic with ores of 
lead and copper tdono. 

Slafe . — Two ariu.des of eommerei* uJe made at (ho quarries: 
rooting- si ales and tliic.k slabs nsod for eivif-rns, tiilhaid taido^, and 
tombstones. Tlie slate arrives at the suri'aoe m the foim of large 
blocks, often weighing two tons <tr more ddicbo ai’e di\ided by 
splitting into slabs about 3 in. tlnek, winch go to the sawnej 
tables. The cirealar sawh ent up the Mains into ])]ooos suitable for 
the operation of niiT; splitting : by the earebd and (h \terou,s uses 
of bis w efdo and maiict, the qua.rr Milan is a, Me (o .-.plit the shd) 
into thin sheets, wliieh at Fe^tm’ ' oben do iioi o.x^ eed ' in. in 
thickness. These have to be tiimmed, generally into a I’eelangnhxr 
form. 1’hough tliis 0 ]-)cratioii can be, and often is. pei lhrmed by 
hand, it is more common to use some kind of knih worki'd by 
maobinery The slates aiV tlion sorted by hand aveoiding lo 
thoir qmdity. 

The slabs are first split out of blocks, ai^id are imisbed by being 
sawn into shape and planed smooth by machinery. 
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It is iiiip(>ssil>l(j in a»el»nn(^ntiiry Ireafcisc to ontcr into 
any details coiuaTiiin^ preparation of stone at minqs and 
(juarries >loinc stone is shaped by hanunering into paving blocks 
or ‘setts': much is (Tushed by stone-breakers and sold as road 
T#i('tal after n'lnox.d of tlie fine by screening; freestone is 
sawn So as to suit live bu.](ler: flags arc o]>taiiied by s])litting 
mie-iiei'ous sandstone along tlie jilanes of bedtling and trimming 
tlie ed;,es; and, listly, gnn(]ints arc iriadi* from the well known 
nodules hy tlie d(‘xterous chipping of tlu* ‘ kn.ipjHU-/' 

SuJj>hur.- 'fhis cdftinent is oblaiiied from tlie rock, which con- 
lams It ill the native state, by simple litpiation in a kiln of some 
kind, mteriiiittimt (mWro.v.e) or eontimions ((lill’s furnace), or by 
lifiuatioii in steam-heated eyliiiders, or occasionally by distillation 
in iron lotorts : this last procos'^, which was at one time practised 
with neh^ore in (he Itoinagiia, is now almost eiitiiely atiandoned. 

Tm . — Tin bearing rock is i-ruslied by the ^to^e-bre;d^er and then 
starnpeer line, Th(‘ pulp is rnn over Free Vanners, which furnish 
a [ireliminarv eonceutrate in'/i'iff;) contaimiiL* tlie tin ore mixed 
with iron p\ nies and arscim-al pyrites if these minerals are jiresunt 
ill the roek. boasting in a furnaee converts the heavy sulphides 
iry..o piilveruleni oxides, which are easily got rid of with the rest of 
tlie waste by huddling and framing. Alluvial tin ore is con- 
centrated ill sluice-boxes and Konudimes by jiggers, afliT a pre- 
liminary treatment in a puddling machine, if there are balls of 
clay w'hieh have to be broken up. 

///o*.— (’alainine has sometimef, to be washed, in order to rid 
it of clay, before it is cruslied and jigged like lead ore. Blonde 
is dressed in the same way as lead ore. and is (dtcii obtained from 
one compartment or portion of a dressing machine, whilst galena 
is being discharged from another. 
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LEGISLATION. 

It may ra])|>oar slraiiixc to some po^^^()lls tliat the e[oiiieutaiy 
st.u(]eijt hliotiKi }>(' Itoiihled willi law. My rea^^ni For a 

sJiort ehiqtter uj)on io^iylatiidi is that miimij;’ (iitl'ers most 
otlier occupations hy being regulated hy special statutes, -gid that 
it is especially witli an iin congenial hrancli of the stil>J{‘et like law 
that the student needs a heljiiug hajid. 

I ])roposc to deal with the snltjecd very briefly in the following 
inaniKT . — 

(1) (dassifioatioTj of mineral workings in the Uniti'd Kingduni!» 

(2) Statutes relating solely to mines and qnarries, 

(3) (.'ertain statutes alVcciing mines and quarries imudentally. 

(1) Classification of mineral workings in the United Kingdom. 

In the eyes of the law tluTe are two piancipal kinds of mineral 
workings in the United Kingdom, vi/., mines and quarries. The 
former are workings wducli arc carried on undt'rgrouud, in other 
words, under cover of earth or rock, whilst liie latter are workings 
open to the sky. It is constajiiently the nature of the excavation, 
and not the nature of the mineral, wliieh determines, from a legal 
point of view', the class w'hich any given waarkmgs are jilac.cd, 
no matter what liicir name may be in popular parlanet*. 

Thus undcrgroiind workings for slate and stone are legally 
‘mines' and not quarrijs, though genendly calhd hy the latter 
name, whilst open workings for i .. i ore are legally' ‘f|uarries’ and 
not mines. It is important to grasp tliis fundamental fact, 
because in other countries the distinction between mine and 
quarry may be based upon, totally ditlerent grounds. AMuit is 
legally a ‘mine’ in tins couiitry, may legally be a ‘quarry’ in 
France, and vice versa. 

But even in this country it is not every^nndergioimd working 
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which is lc*£;M]ly in>iu\ nor is oi'cry opon WMfhin^ legally a quarry. 
Tile piirpO'C of I he exca v-ii ion has Ut l>c taken into account. 
UiehTuronw-i iia-.iecs ^*on^tru(netl for railway trains, for sewage 
purj'osr,-; <)i for \v;,i 01 works, ivrr not. cousidercLl rAines legally, 
ix'o \0'«' i liy\ aieno-t made with thi' ohjeet of getting minerals; 
iieem, a, i;(d\\a\ enttnig tluaieh open to the sky is not legally a 
(ju.irr. winie if i." hsoniz excavated, hecaiiso it is <lue out in orfler 
i.o iiialfc a road for 1 r.i>ns. And even if tlie sjioil from a railway 
iiiiinr! or (Miitiiij IS alilised for the pnrpctse of eonstrueting an 
oujlMi'I'jia nt or even for makiinj: hrieks, the w'oiking still tails to 
be a mine or a quarry, iiecause the primary I'hject of the ex- 
e,;!x,iliMH, M',, e''<tme minerals or not getting minerals, is the 
eaitei'hdi wha h s<’l.lles whethe.r il is to ix' subject to or exenqited 
from iht st lt\ite^ rel bmg to nniH-s and (p.iairies. 

\A'e lliu^ arrive at rh< >•' two detiuitions A mine is a jilaec 
mideiaJ'ound wlter*' petsons \vt)]'k for the purpose of getting 
mnitj.tr', a. tjUarry is a ])]aee <'pen Im the skx where persons 
work On tin' purpo.vfMif gitrii’g nin.ei’a*' 

There i-. u lUii’d jJU'l of minenil wankuig ni tins country, yiz., 
the waill or iitn'ehole for obtauiing brine or n.iiural gas 
^ 'riio compleU' elas-'ihealion <tf nimei-ai wori mg- foi legal ]mr- 
po.st'S in the ('hitt'il Knigdcnn is as htllows; — 

(.-'Ig Mines. 

(/'} ty lafi i(‘,v 

(c) AVells and bovt'holes. 

(■Ji Statutes relating solely to mines and qiiames. 

Thei'e is lospeciaj law leaulatino' t.he v.oi'knii; of wellsand borc- 
lioh's, so I lieie buvettnle.d solely with mmeri and quanies. Want 
of sp.n'i- founds mx wiliUgeveii a brjei bistoi vof mining legislation 
in this eoniitrv ; sudier' n to i v 1 hat ilui iiig 'he last lialDceiitnry a 
iiuinlx. r <0 .s'ulijjes ha\(' bra n passed l)\ I’arnanient witli tlic object 
of leshdim:*' tlie danger, s of tin; miner’s oe.en]Mtiou, which ap])ear 8 
to the gem ml juihhc lo be extremely ha'^.m-dons. How far thi.s is 
realb the ca-t' is a maiter to he dealt with ill the next chapter. 

T'bei't' are two principal Acts of Parliaunait regulating tho 
wm’kine of mines in the I'^micd Kintrdum * - the t'oal Mines 
U(g!il:ii!0!i Act, jss;. and tin* Metallif-'i ons Mines Keguhition 
Aeh iST^kf TTu' rormm appli<'.s to w'()ikmg< for coal, stratified 

* Tuircllirr uill) tlif l.dc efM.m, wliali as a luic is not iiflected by Acts of 
Farhiunciit jias'-i'il at \Vi si nunslcr. 

f Tie fail text of each ol ilicsc A'-t-, aiVl ofollicr'^ wliich will be mentioned 
kiU r, can h>- obtaiiio.l foi .t lew pcnic hoin lb- Ring's printers, Messrs Eyre ^ 
S])ottn^v oo'ii:, East IJardifig Sticet, Fleet Stiect, bondon, K.C. 
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ironsioTH', ■'•u] , llii* lattor upplict' to r.ll workings 

not iiuiludod hv the I'onner. lOvcrv iniiH' must, (Jjrr.'loir be under 
one or tlie oilier < if tlu'se luo A(‘ts. It. is urll to point, tiuit the 
titles of th? Acts are dc'etthdly luisleiKliue. 'I’lie O'nl Alines 
Piepjiilation Act applies to ibe ^reat in-n uune,. of the (deiM-lanil 
dist.i'iidi, beceuM' tin- ore occurs as a. ///’'«' deposit; tle^ Ai-iab 
liferous Mines Ite^nlttion Act applies not onlv to all eoppiu’, le ul, 
and t u inine.>, but also to Aunnu'ous nndt'rm'ound e^oa,, ' iis for 
stime, slate, oiC In olhor words tlse t'oa! Mines .\et, rt'^ulates 
certain oie unins wliilsl tlie MetuibfenMis Ael ineludes 

wuflvinn’s for substam ox windi are not nietallic ores 

] \vill Mow take e icli of tbe two elasses of mines separatel\ and 
tiion d(M! with tpiam.-s 

lu) d/o/.e''' >>/' fj,r <in<l .^ha[i\ The 

]jrine!pal st unte as airoady rueiitioneu, is tlu' Cord Mines 
Itepuilation \ci of h's7 ; tins is siijitdenuniied liy lh( i-Joal Mines 
((Hioe-k We'clan A<U, IbOd, t!u t’oal ^Mint's lleLndatioo Aet, 
LSDG, and the Goal ^hties lo'onianon Aet Aniendiueni, 

Aci-, IDOo. 

Tlie prmeipal Aet ndates to various nialti'rs, <M wlueb tlie 
followinij: am tlu' mosr imjfortaiit, ma, cmpko monl of women and 
eiuldieip eertilieatia] mana^ia-b, imne plans, outlets, workin^^ 
retiulalions 

Pemales niri> not be cnipluvt'd l»elo\v ground. AI ines in whieh 
more than tiurl persons a.re enijiloycd b.-liov urouml must be in the 
charge of a, niriiKi,::er ]Ktss!-svin^ a eertilieale u'l-'t-uted by a Hoard foj‘ 
Exaanination, established in a, inaniitr presenlad b_v tie' Act. 
'rht're must b(> two outlets to every mine, sa\’C in the ease of 
workines emjdoying h'wer than thirty persons bidow groiuaJ, 

The woiking regulations are kimwii as General Pules, 'I’liese aie 
tlnrtY'nine in niiinher, and deal with \uitjlation, rimiariiiLp hmj of 
exjilosives, sa,fefydain[ix, ineliiu'd plaiK'.s, ti’aveliiiej; ruaiP’, littings 
for steam hoih'vs, umciuL; machinery and inspection by the 
workmen, d’he tlemual IJules ajiply (t) every mine. 

Recognisiirg the f^rt that inrther i euula, lions would he desira.hle 
and that, tiie eomi^i ions of the vaihm.s mining districts ar' not the 
same, Harliaim nt mad '•})io\ isioo for the establishmcrn of what 
arc called ‘Sjn-rj.-d Rules’, \vh • ur^ce I'slaldisiied with all thc' 
})roscri])ed fonnalit ies, these Spi'cial Uuli ^ lia^e the same force 
as the (jJenoral Rules. To secure (jhedimiee, bi.Molies of the 
rules, and of the Act geue^ally, are punisluihle h\ ia-axy money 
lines, or even imprisoiinjent.- 

d'hc Coal Mines (Check Weigher) Act of ibOl makes it penal 
to interfere improperly with the appoint nfiuit of chei'k weighers, 
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and the amending Act of 1896 "makes furib^r regulations concern- 
ing mine plans and safety-lamps, and gives the Secretary of State 
powers to ff)r]>i(i the use of explosiVt^s which he mav consiiicr nn- 
safe. A tesTiuij^ slot ion has been erected i>y the Horne Depart- 
ment, and ii^ts of the r\])losivcR which have salihiied the authorities 
are from tni/e lo t.'ine. 

Th<“ ^^^le^ ( 1 ‘ndiihitioij of Child Labour Underground) Act, 
U.hKt *oii)ids I he einployincnt b-dow ground of boys ntidcr 
tlnrteeji w-ars of age, and ajiplies to ail elasscN of mines. 

The Coal Mines Iteiruiatiou Act (^)SS7) Amendment Act, 1903, 
allows tile mining diploma <d a Uiiivorsity or l\1iniTig Scdiool, 
approved b> tiu^ Secretary of State, to i»e reckoned as. the 
eijnivaliait of two years' ex[>erience in a mine. Therefore the 
graduate can util. on a manager’s eertiheate after having had 
practical, (xperienct in a mine for three yiairs ; a five; years’ 
(experience is nee-(‘ssa,rv for a candidate who has no diploma. 

(h) of ropixr, (cad, tin, oiid inh- or'.<, and raiijk'd iron ore, 

gupsunp sad, dat>, done, e/r. -The Metalliferous Mines Act, 
1872, though framed after the fashion of a stsier Act, the Goal 
Mines llegiilalion Art of 1872, now rejiealed, is very far from 
li^nng so st ringi'ut or so useful as tliat stal.ute. Persons engaged 
in getting ores and stone® are allowed a i’na'durn which has long 
been flenied to coal niui<!ri>, alihoogli the latter have the safer 
occupation, as will ho slnnvn in Chajiti^r XVI. 

No ccrtitic.ited managers are required; there are only nineteen 
Ceneral Uules, and the establishincut of Sjiecial Jlulcs is not 
eoiiipulsorv': 

The amending Acts of ]87h and 1891 deal ’witli ])ointe of detail, 
and the Slate Mines (Gunpowder) Act, 18.S2, gives power to the 
Secretary of State lo exempt Mate mines fmm certain regulations 
relating to the use of exjilosives. 

ic) U/mr/ves. — The Quarries Act 'was passed in 1894. It 
itelines a quarrv as “a place, not being a mine, in whicli persons 
work for getting iday, stone, sand, coproliU'r>, or any other kind of 
minerals.” The Act ap])lies to all quarries wkhieh are more than 
20 feel deep, but does not touch iho.s(' winch arcVielow that depth. 
It mqioses very few ohligat’oiis niton* the (juarry-owmer. He 
IS merely bidden to post uj) an abstract of the Act, and to send 
in an annual return «)f persons employed and mineral raised. 
There are no working regulations whatever. However, there is 
pow'er to establish Sj>eeia] Pules, artd a fairly uniform code of 
regulations lias been established at the majority of the quarries 
of the kingdom. I’hese regulations are established in order to. 
prevent accidents. 
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Tiie Quarrv < Fonciiig) Act of 1887 was ])ft^scd in order (o 
protect, the p.d v from uccidentTillj’ fallim]; into quarries near 
thoroughfares. 

Tho })reseMt state of miniiiij; and quarrying legislation is 
summed up in tho followiufr ta1»!e • — 


Kuid e! Woikiiij^. 

j Kind of Miiirral 

I AV Miked 

1 

t 

j S[ dial Statutes 

j ii'f>[i..at:u' tbe 

j Working-,. 

• 

, 

i 

1 

j 

1 siiatil'nd iron 

I Oo.d Minos Rooiilatiou 

1 A. I. 188;. 

, Foal Minis (Cliook 

j AVei^liei) Act, 

. (’o!ii MiIks Lte:;ulatim! 

• 

Mines 

stone, file ilay, .uid-: 
, slndt 

i 

1 

i / 

! A 11 mini rals not in- 1 

Art. 

t Mines (!'- oiuyiioii o( 

' Cfiiid L.ibour (older- 
l/roiiiid) Aef , TlJOi'. 
Coal Mines legulaTion 
Aet (1S87) Amend- 
TiU'Ut Ai't, liH)3. 

1 Melallil't imus Mines 

j R' ,i;iilatiori .A« 1, 1 87‘J. 

Qiiiirries iiiorc tlmn 2'» 

j 1 Ill'll'- 1 l,y lie* (’oai 

1 iMii'i’s hVL.' Illation 

1 Aot, ''Ucl> a-, llu* (Ill's 

1 o| noppei, iion (un-*, 
j --Ij.iLil'i'iI), leail, lui. 

, aiiil ziui;, gV|>.si'iM, 

s.tM, slate, sLom*. 
oh- 

j Any luiuerak 

; Melallilci-nis Mines* 

! h’egulation A'd, 

' Slat^ iM iiiestGuniinwdi r) 
i Act, 18S2. 

! Melalllli 1 Mils Minesf Isle 
' of Man) Aet, 1891. 
jMines (brohiiiUion of 
(diiid Jjalioiu Under- 
gio.ied) Ai t, T,IC0 
Qiiarne-- Act, J891. 

Quairics less tlnin CO 

1 \ny niineral. 

No '-pof ial Statute. 

feet deep.' 

Wells and b(>r**-iiole^. 

I 

j bn no and u.dmal ;];as. 

No speoia! Slain to. 


(3) Certain Stati*tes afFeoting Mines and Q.aarries incidentally. 

Several otlier Acts of Parli 'iit affect the cxtrarti<ni of 
minerals or their preparation fui tlio market. I will mention 
the most important and take them in alphabetical order. 

Alhali^ etc.j Htujul(di(m Act^ I SSI o/kI d hese 

titles, like many others, a*o misleadinj^. because the province 
of the statutes extends far beyond soda-making establishments. 
The object of the Acts is to prevent the e.s(;ape of noxious fumes, 

18 
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and they arc made t<> apply to couicut Vi<)rl{s, which arc often 
directly connected with clnillv'qiiarno, to salt works, to places 
where arsenical on's are roasted, and to collieries where tar and 
annuoniacal Ii*inor, obtained iroin the WMste gases ef coke ovens, 
aie being trenti 1. 'I’iie A«-ts are cnfore.ed by nispoctoi's appointed 
by the Local (jIo\enuneiit l>o:ird. 

IJoiicr Ki'pfo.'^ion ArL^, atul 18^*0.- - \i is the duty of the 
)nine-(j,\vijer to report to the Hoard of Tr: id e any. boiler explosion 
\\liicii bappens on bis preniiseH. The Hoard is ('inpuwered to 
hold inquines concerning boiler explMsiuns, and indirectly to 
iidlii't se\ere ]K‘n:ilties upon n» idigi nt o\Miers or agents by 
causing ihein, witliuvit any rhaneo of appeal, *'‘to contribute 
towaids the expenses of the ini|nir\ ” Whilst' the Mines Regn- 
latien Aets, and Ibu-lory and Workshop Act lev down ])lain rules 
fur a\uiding aeeddenis and an' therefore directly jireveutive. the 
boiler ’.'i\{)losion Aets give no hint concerning desirable jire- 
eaut'ioijs and arc' only indua’ctlv jirexenlive. 

Urnh' Piinipiuf for >i •<') A<i, .t89L — 

Tile (‘Xtiai'l ion of brine in (.’liesliirc causes i'rc'ip.ionf .iiid eonsider- 
able subsidences of the adjacent land. \Vii(‘re piiuipiru: is b?!ing 
earned on by several tinns in a district, it- is nnpussible to say 
v;hieii has Ih'Oii t lie cause of given subsidi nei*, aaid the burden 
of eiynjiensation bus very fairly' to be borne by all brine. ]>uin])erH. 
Ibn'b on(' now })a\s his share aecoiding to the <]uanliTiy of brine 
he raises. 

L>/</o,sbes A<ly 'Phis Act deals tlie manufacture, 

sale, transport, and storing of explosives, Jt aib'cts the mine- 
ovMUT inasmneh as lu' has to obtain a lieene.e fi'oin the TiOeal 
Authoritiesi for storing ex])lusives, and has to build and keep his 
magazine in conformity with certain regulations. The Act has to 
li(' eiifoici'd by the Local Authorities, wfio usually Ciiqiloy their 
police to do the work, and also hy the in.s])('i!toi'B of Explosives 
appointed by the Home Dtlii'C. 

Faviori/ (vnd Workf^lcip Art, 1901,’ - The oliject of this Act is 
to secure the iicalth and safety of ])ersuns employed at factories 
and worl\sbo])s. Its most important provisibiys arc those whicli 
di'al with sanitation, the working hpurs and mealtimes of 
vvonu'u, young persons and children, and the lencing of machinery. 
Quarries and the dressing floors of mines under the Metalliferous 
Act are legally faet»»nes or workshops, and the provisions of the 
Factory and AYorkshop Act arc enforced by the inspectors of 
Alines, who have been ajipoiiited Inspectors of Factories. 

On tbo other hand, coal screening and coal w^asbing workft 
adjacent to collieries and belonging to colliery companies are 
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not nnfior the and AYoi'ljisliop Art, as tlK- ornjilo^'nuMit 

of proiocteu poisons, i.e.^ woiiion, yonnij: poisons, and cliiklrou, is 
already, doali with by the Coal Muios RoLCiilation Act, • 

JlirerB Pfillufnni Provcnlio}! JS^G. — SpoaKiri^ br<jadly, 

the diseliariyfc of mine refuse into riv^'rs is i.udf'siraliJo ;* but ij’ 
the niiuo-owncr does turn it into a sfivaiu, llu; Act compels 
him to take the best practicable and reasouidily availalile means 
to render d Inwub^'.s, hi a few cases it lias been a,dnn * d that 
the milling interest is of inoiv uuportanoe tliari any (»tber, and 

the tin inino'^ near < Aiii}K>riit‘ .ind be<lruth are allowed to dis- 

{‘harge their tailings into sundry small biMoks without lot or 
hindranc.(^. d’in ore to tin* vabu' tif upwanls of ^oOglOO is 
recovered yearl\ fr'>m the none waste as it Hows dt>\vn to the sea. 

Trurl: /,SGl. /Ne’/', (luG — The e\ils ot the ‘Tommy 

slioj)’iij (dd<ai da\^’ h.ive been well digacU'd in l)isracli’s 

Those abuses leave been c.wt'jit aw.ay, and mimu's, to'ietbei* wiUi 
other workmen, are enlifled t(» re<aa\{' their- full wa.ges*iu coin 
of the ri'ulm wjtlioiij, deiluct ions other than i hose to winch they 
ha-^e agr< ed. 

Worl ntfUs A>7, — This st.dutc compels the 

cmploN ( r to eou:p( n sde a. workman in bis eiiiph/y who is injuH'd 
by accident, or to nanpensate tlie depemk-nt rclativ(\s in cafe 
the workman is killed. No compensation is j^aid to jujuivcA men 
until they have been laid up for at h'ast a rorinieht. 
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CONDITIO]^ OF THE WORKMEN. 

I'nif: tiiatti'rs fk'Jilt wiik m thisi clinj)!!-!’ may In* i’c'^ardod by some 
poisons UN snjirrll\it)us, or at alt I'vcnU a^oiil of place in an cieinen* 
larv U'\t<<bo'>iv, and it is likely that tln'.y will ask. the (pit'stji)n, 
“AVhy ijliMuld the young nuuuig student )>c troubled will) problems 
wbieli an' l('ft untoia-ticd in large t.realises upon ('iignu'ering'? ’’ 

My is that the lalmur (jueslioii is of so nuieii imjiorlance 
that tix' stndi'ut should liavc his attention ilirocted to it at*tho 
M'ry outset of Ins career. Wo may talk aiiout the use of labuur- 
s;'Ving a})pliaii<a's, about the substitution ol machinery for human 
bauds, but after ail whal is the dominant factor in the cost-sheets 
of mhiing undertakings '1 Both at liome and abroad the answer 
is ; Labour, 

The following ligines lately coin])ilcd by Air ]); A. Thomas, 
Al.r.,* from (he accounts of thrte largo steam-coal collieries in 
Somli Wales, show tliat sjicakmg roughly fonr-iiftbs of the 
expenditure in getting and raising coal is due to labour. 


of rod of }iro(lvcfion of large, coal 
<(t flu /ifonfh. 
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0’19 

1 100-00 

1 
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* “The growth aud duirtioii of our foieigii tiadc in coal-miinug during 
the last hali't't’iitar},” Slat S»c , Sept. 1908. 
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Tlie first year was (fhoseii as a ya^mt of low wages, itna tlic second 
as one of iiigh wages. 

In tlie gold and coal mines of I la* Hand, accofdinij; the figures 
lately })rcpai*Gd by tlic Johanm slmrg I'ugiiKMo-s.'^ the main items 
t)f oxLpenditiire are for l:if)uur, ex]»]usi\es, an i ^onl, and in tlj*' 
following proportions: |jab(»m\ OO'OT ]><t C(mt. of t,lic total co^^t ; 
explosives, Li '85 j)er cent. ; and coal, (S‘20 per cent. 

If, then, so liti-go a proportion of llic (vist of getting j* ,i era Is is 
spent upon wages, surely it belioxos the tco'lici to p(/mt out the 
even to elementary students and to s;i\ soinctlnue ahout tlie 
sup}iliers of musculai force. 

From |mr('{y philanlliropic u)otiv(‘s, the einplox er w di wish to 
Leof) his woi-kpeople lu'altJiy, happy, eonh'uted, and (a-infortable, 
and from the lower plane of commercial ex.})cde'ncy it- will jtay 
him to do Uj..s , for if it ap[iears in the course of tone that the 
occupation brings disea, so and vhortons life, the rate *oC wages 
will have tc* ris(‘ m order to tem])t jiei’sons to adopt it, • 

And fiirtlim-, in the c.ist* of mining, the hihouiMpicstion often 
asi^nnes aspects which maybe ontinilv absent in oliior oiaaipat ions. 
Workable mineral deji'-sits are fre<picntl\ di^'roxcred in out-of- 
the-way and thinly-popnlaled jiarts of old and jh'W countries, and 
the mining engineer, jierhaps more than most ntlier emphyefs, 
is obliged to face tin; task of collecting workmen, bon>iiig»tiieni, 
teaching tiioin a new t.rade, and looking aftt'r them generally. 

In a word, n. may be safely •''«‘dd that the !a,bour pioblean is 
often more dithcult to solvt; jLhaii that of mciely wTesiing the 
mineral fiom the earf.h’s ernst. 

The matters wliich 1 propose to discuss very brjofly in this 
chapter are the following: (1) C(»ndition^ of J.ahour, (2; (Noth- 
ing; (3) ITonsing ; (4) L)c(‘iipational Di.'^casos ; (o) Hospitals, 
(6) Education; (7) Kecrgaliou. 

(1) Conditions of Labour. 

In many oases the miner is merely a unit in tin' Avorking 
population of a JisTrict, living it may lie in a cottage itexL door 
to an agricultural lahonjjer ora faetory hand, hut difi'ciing from 
them by the fact that his vork x., carried on below ground, lie 
toils in tunnels, jiits, and chambers in which there is no sunlight, 
where the air is apt to he polluted by all sorts of impurities, 
and W’here the heat is sometimes great. Lastly, 1 may add 
that in pursuit of mineral 'tj’easures men an' templed to dwell 

* ''‘Stutisticcl slatiamaitofthegolil-inming iiidnstry of the WitWiiterRraud,” 
The Transvaal Leader, IGth Jan. 190:'l, j», 9, 
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at p'eat olovutioiiH aaioiig the, mo un taints, ir in malarial valleys, 
or in hot and thirsty (h'sorts, r)r amid Arctic frosts and snpw, 
and (‘.ons \oK-MitIy the Irvine, vlhHs of lii^di altitudes, of heat 
and cold, of fever and other diso<as(‘s, imist thhrofore occa- 
sionally he r{H-lo*.iii‘vl sunone the drawl »aeks ntteniling the miner’s 
ocenputJon. 

U inh' n'ooo-nisniu!: to the fulirtt exhnit the vahie of the 
and eennieidal (jualitie.-^ of the sun’s rays, I am not 
awMre tlmt it ean he asserted, witlieut fear of eontradietion, that 
tlie miner sulh'rs to any marked from liaving tO't()il 

many hours a day l»y aititierd Injlit. On the other hand, it 
will he shown uuiH<‘dialel_\ tinit In- is nfh’U s{'rions]y afrVeted by 
havin]4 to l»rea(hc an nnj)ure and dust ladc‘i> at mosphere. With 
reh'rence to the temperature of tlie air in uorkmp:-]jlaces below 
p^rouiid, it may safely he stated tliat tlie heat is not usually 
e\eess!\('; at. the jireseiil tiiiu' iii this etaiuMy it rarely rist's to 
90" V. {-VS' 'I'lu' warn.th is dm* to variou^ causes, \iz, the 

interna.1 heat (/f (iie i‘ar(]i. tlu' <.\i({a.tion minerals, such as 
coal, iron p\ riles, spalliose iron, etc, and lastly to the issue^ of 
hot miiu'ral waters. On the O-omsmek lode in Nevada,* the 
mim'i' was troubled by hot spriiies with temperatures rea<djin‘j: 
(Aen 170’ P. (70''-() and the discoinhn't of the heali'd moist 
atmoyilicre was very <^reMt. In (le<ilnu( with the frozen gold- 
bearing gravels iu Are,tie re-iimis, and again while sinking shafts 
by th(‘ Poets( h proces'^, tiu' miner is surrounded by walks of icy 
roe,k. but in tlie comjiaraiively still atmos[»i)ero of the mine he 
sutlers no nieiuivenienec. 

It must he ]ioiiiled out that working underground has its 
coinpciisatioiis ; tlu' miner during his work is not exposed to 
rain, nor to the pitiless sim of tlie tropics, nor to the icy blasts 
of a nortljern winter; ho is usually able to work ail tlie year 
round in an eiiii.d)lc and not disagreeable temperature. How- 
ever, it sliould he rememtiereil that many persons called miners 
ar(‘ engaged in fpaarrving ore or fuel in pits open to the sky, and 
that they are coiJst‘(|uently earning their livelihood under con- 
ditions wdiieh, as far as liglit, air, and warmth are concerned, are 
identical Avith those }>ertaiuing to the farKiiug illdu^try. 

The troubles due to Jueahly arc often real. Those who have 
ascended high mountains ami w ho have experienced the unpleasant , 
symptoms caused by a highly rarefit'd atmosphere may wonder 
how such hard wmrk as mmiinr can, be carried on at. altitudes 
of 15,000 feet and more; no doubb natives who have lived from 

* Lord, “Comstock IVliniiig and Mmers,” Monographs U.SjrGml, Surviy^ 
'Waskiagtoii, 1883, p. 391 U setj. 
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skildhood ill are exunijit from ills which !ih('et the 

[lewcoyior from the pbiiiiB, Imt, (ievorth(ilcss, tliey appear to die 
3arly, owiiip: t(* the elevation at \vhi<‘ii tlicy dviell. • 

* Without \*ishiiis' to nuniniise the dangers of some fever st rieltcn 
districts, 1 eamn>t help roiuarhing Licit taUs tihout nuhcailth^^ 
climates must sumelimes he ta,ken witli a lar^e oi salt. 

If the real truth were kiioVMi. Ih'* attacK-. of the soealled ‘fiv.er 
w'ould oecasiouIVlly turn out to he due ralher Lo e\e tor im- 
priuleuce of the t/rav(dler hioiself, l/liaii to uulu*:iltliuu'ss of the 
country. 

(2 ) Clotlmig 

l^he underground worki'r requires suitable idothiie/, hut not for 
precisely the same leason.^ as the labourer oil the sut face d’he 
main oi)jeot of the miners iiat or ca,p is to protect his he.id from 
knoeks, and not to ket'p otf Ihe sun or rain, d’he tempiA'aturc of 
the w ork ing piiice is ofOn high enough to eiiahle e^en the 
Kuropeaii to sLnp to the waht, and so obtain a freedom of liiiih 
oupnoutly conducive to ('Hectne muscular work, to s.iy uothmg 
of the advaiiieje of the. din-et eoutacl of the per^]»inng skin with 
the atmospic'i-e, a «‘on(forl. little known to the average I'.ngli^ii 
man, wiio is raisOv .ohh’ or willing to discard all clothing a^d 
roam aliout like a ^avage. Stiong foot gear is often (h^^irahle 
as a protc<‘lion against Mows from stones whieh liinddc: -ahout 
during the processes of gid-ting the mima'al or loading it into 
waggons. , 

Many workmen ke(q> a special suit of working elotlies at the 
mine itself, don it bid’ore going uiuh'rgo'uiid, tnid then exchange 
it for onhnary attire before retairmng home. Tins practice 
should be encouraged, as it is far better for the miner to change 
his clothes at the mine than at honm, whei'e it is not easy to have 
all the convenitaiees for ahlutioiiN and for di ving tin' damp or 
di’ipping gffrments worn underground. Many mines, and esjieci- 
ally the modern coUieries of Kranco and (h'rmanv, have most 
excellent changing-Jiouses hitod np with washing basins and warm 
shower-liaths. Various arrangements are adopted for preventing 
tlie theft of the suits #^f cloth*’’'' wdiieli have to he li ft in the 
buildingi A common plan is ».o "provide for eacirmiiier a cbiun 
which passes fi;nm a little winch over a pulley near tlic roof and 
torininates in a set of hooks, d'ho clothes are hooked on and the 
cfwn is wound up till the^are well out of reach : the miiu'r now 
Iboks the winch "with a key wiliieh he carries. Warm air is made 
to circulate through the huiMing, and wet clothes are thoroughly 
ndrieii before the beginning of the next shif*,. 
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(3) Houses. 

Accomm(jdatio]i may be mjnirtid f(H’ various olasaeR of' work- 
men, viz., mariied neai ]ivii]u ou Ihe ^pot \vil]i thtir wives and 
famili'is; murruak nn-)! wlios** wivt'S rui'1 families Jive at n distance, 
an<l, iliiidly, lia<‘ln;]()f.s, OeMMAoneliv tlie ‘ eoiiipouud ^ Myslcm is 
ado})Led, under wljjcli tlie workmen voluutaiily sijJ)n)it to be kept 
nndei lee!': and key for a <e]-(ain iimnlK'r (d inou’dis, and lastly, 
must be meidione(J tbo jd.xn of cn»plo\ mii eonvieis, wdio arc 
housed ui prisons and inurclicd to aiui from their work under the 
care of warders 



For limisinpr tJic three first classes oftworknieu many mining 
coihpanies ju all ]i!uls of the world have hudt exten.sive' villages, 
and as time goes on the class of cottage is gradually being 
improv(‘d. I was ])leas(‘d 1o find not long ago in i\urth Wales 
that some new coi.taues for quarryimjn were all provided with 
bathrooms. A garden for eacdi cottJege is very ilesirable. 

Bachelors and imirned men from distant homes may find ' 
quarters in the houses »of married coudIos or in barracks; tikose 
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arn soinetipjet or- ctec^ on a palatial scale, and arc provided at 
extremely ro.tsoiui wio prices uitli all sor;s of conveniences for 
the inmates. They arc in lealil.y comfortable rosideiitial chibs 
for workmen. * 

'Hie ‘compound’ systrm ba’^ bern {'aiTied the largest,^, 

scale at the K.ind:ier]('y diamond mmos, 8->n(h Afri'-a, where it was 
introduced for the purpose of [n-cvciiling the rohheiy of vabiahio 



4V rtooff plan cpomo PiAy 


Figs. 271, 2/2, 273, ami 274 — ^Miuers’ cottar^rs, Bobsovci C’olhfiios, 
NuHingliain.'-hiie. 


gems by the Kaflir lahairerF. They hire themselves out for 
periods varying from three t > six . Jnlhs, and during their engaf^e- 
luont must neycr Jea\e the (keupany's prcimsi's. IVheii not 
actually at work they are citnlhn'd in tlic ‘eompuimd/ which is a 
settlemeat, surrounded hy^an uuclimbahle fiaico and carefully 
guarded, with separate living diouses for th(‘ \arious trihes, a big 
swimming-bath, and a store for sii[>]jlying food, raiment, and 
luxuries. 
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i ) Occupational Diseases. 

Kacli of-rupalion iua.y Ik* xaid to involve cortswn risks 

to health, ^oaietiiuos exlrtMool}' slicht., soiiiotuneh deci|.ie<ny marked. 
[*h().-j)i;oru:^ poisoiiinii' amoiiij: the match makers, lead poisoning 
caniong painters and putters UNing the old-fashioned glazes, and 
anl,hiM\ amojig ])t‘r-ons hairllmg hid(*<, an' casf's in point; and in 
like maiinei mining I'.irries with it special dangers to healtli, 
wh<ilj\' apari. li'om accidents. 

J^rohahly liie wursl <'m‘my of tin' miner is dust; and in making 
this statement 1 am thinking not merely of t.he disastrous explo- 
sions m wlni'h coal-dust has plau-d a leading ]iart hut {ilso of the 
dire elle''! s (‘f mineral dust t.akeii n\ thiough the mouth or nose 
and hndingits \va\ into the lungs or inio t.lit' stomach. Its action 
may he mec.h.inictd or elicmieaJ, ami the former is tin' more 
commotp rarticle-v of dust drawn into the lungs with the breath 
stick to t.h(' mneous memlirane and seiuj) an irritation, which does 
not cease so long a-, tlui man continues to work in the iin])nre 
atmosphere. The miner o\('ntually .'.tiecnmhs either to ‘silicosis’ 
])iir(> and siiupie, ofit'ii edled ‘miners plithisis.’ * or to tho stimo 
malady with luhei'eular <'onsimiption addi'ti to give the coup de 
oreVe. In tin' former i-ase the air ]ias&ages hoi'omo so irritated 
hy the angular jiarlicles that the lung tis.>ue inidurgoea a 
gradfial (''haiigt' ami is rendered incajiahle of carrying out its 
pio[)er fum lious ; in the latter, the stone dust, while producing 
the Miino cltingi's, paves tlm w’ay for trim tnherenlosis by reducing 
the goi 111 re^isti tig power of the iuugs, and making them unable 
to tight the attacks of the tiiboycule bacillus f The harder and 
sluirpt'r the dust, the wairse seem to lie its cTeels. ’Jdio persons 
most ex])os<‘(l to danger are those who are working percussive 
machine drills in hal'd siliceous rock, and the great dustiness of 
the atmosjdicre will iie quickly recognised by any one dressed in a 
dark suit who sta,)uis by the side of one of these, machines in 
operation, d'lic nwirtality from silicosis on the Kand, especially 
among the rock drill men, has been a[)palling, 

,Jhe first remedy which naturally snggesti# itself is the preveu- 
tidii of dust hy introducing waiter into the hole during the pro„> 
ce,ss of boring When the huh; is pointing downwards the, matter 
is easy ; if it is inclined upwards, a jot of w^ater, produced either 
by a fall dowui a pipe or by conqiressed air takeh from the main, 
may be Mpniled in with useful though not always entirely 'Uiicce^s- 

Rf'}n)rt uf the Mt^icrs' J'hthi,*i.s 0()in/nus^/()ii, Pretoria, 3903, p.4. 

t hegui', “l)u>t troiu Gambler and f’'n e*resistiiig Materials,” Aun. Mep 4 
'Chief Jnsper/ur of Factories and Workshops for the year 1900*' ' London, 
190i [Gd. f)6S], ]). 481 ci scq. 
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fill rcsultn, VxjiCiU’sf' wiien the hole; is licep the wato* tiuiy fail to 
penetrate to tiie ,ery bottom. Domet^^of Paris ha,SMiitroduced 
the ingenious Hushing arrangements nIiowii in figure '2tjK 

A 13 is thfi piston rod prolonged to form the tuol-lif Ider, and 
C D is the striking chisel or <lril!. K F js a f‘<)^ allueheft to tho 
cylinder of the machine, with a brass lining U H surrounding the 
piston rod; tlie lining has a h>ng annular gn ov<* iormmg a 
into wliitth watte is constantly foice i from a hose sei wi'd a at 1; 
J K L is a long central ]»assage in tln.^ piston rod, leadiog mto a 
similar hole L \l in the drill. A'^ long as d is tiavf llmg betwiH'ii 
N and 0, water runs from d to IVf, and Hushes out tlu' chips and 
powder hfrmed by tlie blows of the ciii'i'd edge D upon the bottom 
of the hole. P and Q fire, Uvitbcr wasli. rs. 

The Hushing seiut's not onl_\ to pr<‘\eiit the dust, but also to 
iiujirove tlie actiuii of tln^ j-ool by the immediate ixanoval ol all 
the chippiugs. lb'a,cticai work at the Anziu eolliiuii'*- h;rs piovetl 
that holes are Inired more rapidly with lloruots ajipliaiiee than 
without. 



The invention commends itself, therefore, by combining inereasial 
efficiency with belter hygienic conditions; the appliance can he 
fitted at a very, small cost to any }(erenssive boring machine 
whether driven liy compressed air or (‘lel'lricity. 

One advantage of .llranilFs rotary iudraulir drili is the absence 
of dust, and*the same may l>e said id t{je IVater fa'^ncr lUill, 

-A second means of combating silicosis is to use a H[U'ay of sonic 
kind to keep the dust down in the working places, and a third 
plan is w^earing a^n^pirator. 

In addition to the mechanical eH'ect of diisl, its cheraic.il action 
. has to he considered in a few sj '’J cases. Where ores contain 
■ carbonate of lead, the w'orkmen ace liable Ut suH<‘i’ fiorn pbinibism 
in. the same way as painters; th(' poi'-<»nous mineral is taken 
into the system from handling food with dirty hands. I'rohably 
load' poisoning was nevev*Mj rife at any mines as at broken 

' * C. Lo Neve Fostor, Mine^ and Qaarrifis: Oni-ra! R>}k>rt and SCatisUcs 

' IjOndou, 1900 (pd. 87H p. 101. 
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Hill. N.S.W., a few ycara ago, when a«.soft, ]>ulv8^’ulent ore 
containing cerussitc w.;^« hcing extracted. Men engaged in 
mining guio-na do not sn(fer, ln'cause tlic ore is inKoUible and' passes 
out of tiie bo^^('l•< uiirliiinged. Cinnabar mining carries witii it 
tjlie risk of inerctirial p<Hsoning, and tlie dnst td arsenical cobalt 
and nickel ores is con>id(‘red by doctors to have boon the cause 
of ca^es of caiic.er ac certain mines in Saxony. 

On ‘he other liand, some writers are ready* to credit coal 
dust with l)enerK‘ent cHects, and asi-rihe the comparat ivcl}? low 
death rate of coalminers from tiilKaeular consumption to anti- 
sopiKi ])i’oj)erties possessed liy the dnst, which is supposed to 
cheek or prevent the growth of the tiiherclt; hncillns, ' 1 am not 
aware that this exjdanation is nniia'rsaJly accejited liy the medical 
profession, whilst the evil of clogamg the lung passages with any 
dust sei'Uis c(‘rtaiu. As a laymaai 1 may suggest that the 
partial iinnmiiity of the coal-hewcn* from i uberenlar consumption 
may b(/ due (o the fact that, owing to (iie pi'ogress of his w'ork, 
ho is coiist.antly having new, iVesli, and an[)olluted sniTouiidings. 
'idle sputdin of a consumptive comrade will soon Ixj Imricd^ in 
Uie goaf a, lid rendered liarinless, whereas saliva discharged on 
to the lloor of a factory is idvidy to be wafted about after drying 
r^p and become a source of infection, 

Soim‘ colliers sutler from nystagmus, a disease vvliicli makes 
objects appear to dance b'dore tbe patient wdieii be looks at 
them, d'hc malady is due to overstraining the muscles of the 
eye ; two causes have been suggested to account fur it, first, 
the poor liitht of tiie safely lam]), and, secondly, the recumbent 
posture of tbe hewer, which makes him torn his eyes iu an 
uiinalural manner while endeavouring to guide the blows of 
his ])ick. 

Tlie disease known as miner’s anumiia, or ankylostomiasis, has 
given much tronbh' of late years on the Oontineiit, and has 
lately been recognised by Dr Haldane, b\K.8., amoiig workmen 
at'Doleoath tin mine in ( ornwall.’’^ It is due to the presence 
of small worms, like jiieces of wliito thread and J to | inch 
long, wdiich hook themselves on to the muojus membrane of 
the intestines; when their imrnher las to be reckoned by 
hundred.^, it is not siirpiising tliat they cause great disturbancdB 
in £lie system, wliicli may even result in death. The female 
lays eogs wlneii pass out Avith the faeces of the person attacked ; 
if the coiidiiions are favonrai)lc-~that.'S to say, if there is warmth, 
moisture, and darkness — tiic larvaj hatch out, and mud in the 

* Report to the Secretary of State for the Home Department on an Outhrealcnf 
,^AiiJtyiostamiasis in a Oorn.ifh Ifine, Loiuiui, 1902 [Od. 1818. J 
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mine jYiny swuiiU uitU thoui. A piiner n:^ay t}?en easily become 
ini'ectod tVv>Ux OiLi, upon his Imnds, Avhicli happen to touch his 
food, mouth, or shin. Mere contact with a suirereis will not 
communicate »the disease. 

The malady is troublesome ; hut wlum onca v4isco\’t'red it is^ 
easily cured by the admmist ra.t ion of tliymol or the extract 
of male fern. It may fairly be c.alled an occu})ational disease 
amoni: miners Vi noriliern countries, because m our dim; '.o the 
conditions lu'cessary for the lialehiiip: of the ep^ijs, tiie lievclop- 
ment, and the spreadmjx about <'f the larvic, would rarely exist 
above p’ound. iVs a matter of fact, the wives and cliildren of 
miiKTs iif Kurojie are not attacked. The disease may be 
preventeil from spreadifie: l;y makmc!' the men void their excreta 
into pails underground ; the evacuations should then be dis- 
infected and the pads ein])tied at the surface.'^'’ it has lately been 
jioinled out \ that the introdm'lion of watering into estphalian 
collierii's, for the ]»urpohe of keeping down coal-dust, has been 
followed by a very great increase in the number of cases of 
ank^dobtoiniasts. 

In studying the diseases of any industrial population, eare 
must be taken to distinguisli between tiiose winch are truly 
occu})ational <ind tbosi^ which are not neco^.s'arily coniu'cted witA 
it. Thus, we are told tliat, as a class, the bestiniog slate niiners 
suffer from indigestion and from pneumonia I yVccording to 
medical' evidence, the former ailment is largely due to drinking 
badly brewi'd tea, whilst the latU'r is apt to aifeel those who sit 
in their damp clothes while traxelling home by train. 

(5) Hospitals. 

Both at home and abroad, large mining companies often 
establish and support hosjutals for the benefit of any of their 
workmen wl^o ma_) require medical aid on account of [i(‘<*idents 
or disease, and it is yd casing to note that tlic prejudice formerly 
felt by the working classes against these useful institutions is 
rapidly disityipeanegi (d their xaluo there can be no question. 
The patient is pfaced in surroundings far more conducive to 
his recovery than those his h no matter bow tender ; tie 

has the needful quiet, more frequent medical attondance, better 

• 

* C. Le Novo Foster, Mines arul Quarries: General Report and Statistics 
for 1B99, Loiutoii, 1900, [k 352. [CM. 447.] 

t “TJebor Jio Massiiahmon Z’fl*l»ekanij>lung dei Wm inkiaiikhrit aul den 
Zeclion dos Rubrl:>czirki.\s,” Qiuckanf^ vol. xxxviii., lOO'J. j>. 12 1 9. 

X Report of tfie Departmental Committee upm Mn-ioTicthsk ire Slate Mines, 
p. xxi., London, 1895. [Cd. 7092.] 
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nursing, and more sn liable jliofc. It in-ay here be remarked 
incidenbdly, that tlio ^nrgeons attached to hospitals connected 
with mines aiul quarries t)flon become extremely skilful in 
treat.inp the special classes of- accidents due to the occupation, 
/uid ('ujoy a w('!t descr\cd reputation in their profession, 

(6) Education and Religion. 

It is not only in the case of the sick and injured that a 
minine roiu]).uiy may liave its ol»ligal ions. The shareholders 
may feel ib-it afitT havin'^ gathered togetlicr a immb(;r of work- 
imm to foi'm a (^ommimity, il behoves them to make provision 
for the e luaation of (he young and tin- sjhritiial needs of all. 
Schools ai c freqmmtlv Kept up and ministers of religion provided, 
solely a.1 tiie <'\'pens(^ of a laiaje mining eonqiany, and in other 
castes snb-l„iiitii(l aid is allerded, I'riniary (‘dneation may well 
be followed i)y a, (H-rtaiii anumiit of b'chnie.il training for I night 
lads and yomig men de^-irous of beeomiim ba-cmen, and it is 
wise not to j'org<n tin' girls, who should be taught cooking, 
sewing, and oilier domestie arts. 

(7) Recreation. 

The })hilant hropie employer will not rest content,, even if he 
has provided eotlagis, iio-gitals, schools, and ehurehes. Snppos-. 
ing the workmen to ^pend eight, to ten hours in the mine, and 
oighr In alls in .vlcep. there stilt remaui six or eight hours for 
meals, rest, and roereation. hVom a purely business point of 
view, it, is to the eitq>tf»yer’s interest that the kinds of recreation 
should be of a nature to do the w'orkmcn good and not harm. 
Coii.seqmmtly, witiioiit trying In exercise too strict and parental 
a control, wlmdi would certainly be resented, tlie employer can 
do good by emb'avouring to direct the amusements into proper 
channels ; lie has the opjiortunity of encouraging games, music, 
gardening, reading, do., and of thus making his workpeople 
sohor, temjievat.e, healthy, and useful memliees of the community. 
As exainpb's of what may be done, 1 may 'biention that the 
Doiichy (\»lliory (binipany u' Northei'h Franco has established 
the followmig clubs among its workmen : Archers, crossbowmeng 
gymnasts, philharmonic, and pigeon fanciers; whilst on this side 
of the Channel n\c tiud cricket and football clubs, bands, billiard- 
tables, and reading-rooms. 



CHAPTEll XVI. 


ACCIDENTS. 

T ]3AVR pointed nui in llx' pn'vous elm]*!!’!* tliat tiu' (lniig('T*s 
Ihreatcnin'i- tIuMnincr ai'd tlic oiniTjcr an- fmisideie-l f^nfliciont 
to entitle Ihein to .sp(H‘]al t'^islalien. it now n'li.ains for tin' t^) 
point out what iliese ('lanL'’oi‘s ar(\ ln»\\ lar the nnnemi uettc'i n 
ocou]>ation is iietter or wuise than eeUain oUior e-illiuj^.s, a,nd in 
uliat way he niu^t r<',piiros protoi-Lion. 

( 1 ) Standard of a Dangerous Occupation. 

In th(‘ lirst ].lace wliat is a ‘ da, nu(*rous ' oceupa,tioii? Th(‘ 
‘man ill the stn-et ' Isas no Isi-sitation in tlecHlmu lliat ndiiing 
involves cxtra-las/iivdoiis heeausc Irsan tsna' t<» finie he H'.ids 

of some appalling t ollier\ evploMon wills its \ietiuis ri'ckoiied ]>J 
scores or iiy hundreds, llars'owiu'i dsdails lavet the atis'iitioii oi 
tlio public. d(a'ds of heroiMii exeit- tiieir adininition, tin- sorrows 
of the ’ surviving; relatives enlist their syiupatlues, :ind in those 
various w’;i\h lli** d:ingers of ininme sire uiipre<‘<('d ipMai thein. 
Diit safety* and danger aic nicrely relsilivi- terms, lual it is 
necessary to lay down souse stsiudard <‘f eornparison hy which 
the perils of an occu]ia1ioTi can he pro]H‘rly uuaisSTred. A 
c'Ou ¥01110111 gauge, applicable to all iinlustries, i.s the iiunihor of 
persons killed by aeeidenl sunlually jar lObO einplox cd, and judging 
by the specisd legidatioii for miners in all ]iaits of the world, 
it may be said that a vocation liaviug an annual m eideut uioilality 
exceeding 1 pei 1000 is usually n*LMrded as dangenms. This 
standard has the iidvaiibige cf heing simple and c.asily rei-ollceted. 

( 2 ) Death Nates froyi Accidents at Mines and auarries. 

The followiiie; diagrahi'*^ (tig. 27'») sliows gr.sjihis-silly fisc .‘innual 
'death-rates of ifie mining industry in this coum ry for the last 
fifty-soy en years. 

* C Le Neve FosU-i-, ilfwtes andmQwirrieH: General lirport undj^fati stirs 
for 1900, Lonflpis, 1901, 69. fCd. 766.] (With the rosidts ol Liu- last .seven 

years added to the origiiiiil diagniin, as also in ligs. j277-27^.) 

2S7 
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The fi^iirob froni wliicb the hasJaeen compiled, though 

the best availuhlo, are not so conijdotc as one would like, because 
the first ten years refer to coal ininine: alone, the next' eleveir 
years to coal and ironstone, wliilbt only tlie, last thfrty-fivo years 
^(^omju’fbO all kinds of mining. Jloweaer, recollecting that Of) per 
cent, of the British niininii: pojiulation are etigagiHl at collieries, 
the tii^jiircs arc safi'n ieiit for mir jnirjiose. Tiie table teaches several 
uselnl tarts. In the lirbt jilaee, during the early years of fhe period 
nnder consideration o persons ])er 1000 undi'rground workers were 
killed anmiallv, whereas ncwadMVs the death-rate has fallen to less 
tlian 11. The carve show.> a fairly regular drop; occasional big 
c.ala.stropiH\s, sneb as O.iks Colliery cv*]>losion in lf6G or the 
Haydock Wood and Ala ream ex]do>ions in IS78, Cause sudden 
rises, hut tlu' gfurral iiujjrovemciit. eventually asserts itself. To 
sum up inat,t('rs, mining is now at least tlirei? timch as safe as it 
was iii'tla' e.ii’ly fifties, and judging by the past one may fairly 
projiht 5y still further inijirovements. Ku,di a lesult is highly 
satisfa<‘tor\ , and umpiestionably rcllccts credit upon the llntish 
mining engineer. 

Figures may he fallacious, and ai(' conseituciitly liable to be 
viewed with susjueion. 1 wisli therefore tu point out that I 
' aMi b('en ean-ful to avoid one source uf (‘ri<ir which too often 
l('ss(‘ps the vuluf' of miniiiij: stati'-tics. In estimating the risk of 
any ealliug, it is necessa.i v to restrict one’s liLOtres to that calling 
idoiie. A mistake freijuentlv made in mining statistics is failing 
to separate the liuures which relate to the uiiilergroinid workers \ 
from those which rel.de to the siirf.icc hands. The latter have 
a smaller risk than the fonner, and if the comparatively safe 
occupation is mixi'd uj> witli the comparatively dangerous 
one, the concln^ions ,iie vitiated. The matter is of importance, 
and I will tlmrefore eluciiiatc it further by a luimcrical example. 
Supjio.^e 10(i,dd0 persons to be employed at mines in some 
country and 'JOG jicisoms to be killed by accidoi.t annually; 
tlie othcial stati.stjcian will v'crv likely call the death-rate 2 per 
1000 [ler annum ; but. tliis is not the mortality -rate of the true 
miitc7\% the uu>h'i-(jnmii.(I workers. When the ^ statistics come .to 
be dissectiid, it may turn out tliat deaths happened from 
accidents below ground among 80,000 workers, and only 15 from 
accidents at the surface among 20,000 workers. Consequently 


the true death-rute of the miners proper will be --—==2*31 per 

oU 


1 5 

1000, and that of the surface workers “^ = 0'75 per 1000. 






Ttifi EMMMTS -OS* toma AKI> 

Having dealt with the general mining deatn-rate ot tiniB cou»x^ 

! will now devote a Jew words to the two elassi&s of Jmpe^, 

istablishetl by statute, viz., mines under the Coal Mines 

iion Acts and mines under 'tbc Metalliferous Mines Regulation 

The next diagratfi (hg. 211) shows their mortality rates separ-. 

tlelv. -iaaa’ 

The- thick line represents tlie underground deaih-rates per lOOU 
versons at mines under the Coal Mines Regulation Act, the dotted 
iiic the corresponding death rates at mines under the Metalliferous 
kct. In tlie last sixteen years, with three slight exceptions, the 
thick curve has been hclow the dotted one ; in other words, the 
underground workman at a mine under the Metalliferous Act has a 
more dangiTuus ocjcupation than the workman at a mine under 
the Coal Mines Regulation vVcl, or. to put matters more phiinly, 
the average collier in this (‘ountry stands less risk of being killed 
by accMent than the ordinary tin^ lead, or copper miner. Under; 
tho stringent Coal Minos Acts of 1872 and 1887 the progress 
along the ])ath of salctv has been more marked tlian undei tho 
mild and inade(piat<} Melalliferons Act. ' No stronger argument 

can be brought torvard for advising its amendmont.. 

Since the Quarries Act came into force in 1804 it has been 
possi^de to compile precise staiisticH concerning the accidents in , 
ojieri pits more Ilian 20 ft. deep. Judging by the diagi^m ^ (pg. 
278) quarrying, like mining, is a dangerous occupation, if- weg‘ 
restrict the term ‘quarriers’ t(i the persons actually working < 
inside the pits, and refuse to reckon among their iiuml)er the 
hosts employed outside in brick and cement making, slate-dress^ > 
ing, stonce-utting, etc. ^ ’■ 

The diagram is somewhat startling, for it shows that 
average workman employed in an open pit more than 20 ft. deep 
is at least as liable to bo killed by accident as. the average pp^tar 
ore miner. Open workings in this country are more dangemt^ : 
.than most people suppose. There can be no better 
d^Hre for a more stringent Quarries Act Jhan the cuTv^ln 

fig. 278. ' ’"""lir ■ 

In the case of mines yielding one mineral such as coal; 
comparisons may be made by referring the number ^6f 
the output, or in other words by calculating th© kumber of 
phr million tons raised. 

' Le Novo Fost«T, Mines mid Qumries: Geuera 
for 1902. London, 1903, ]>. 100. [Cd. 1705.] (With 
five years added to the oiiginal diagnnn.) - 


I Seip0 md 
the rieulta 




five years addetJ to the^ri^al diagram.) 
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ACciDtera 


293 


! Tho figured! for *hiB 
, oountry arc * given m ' the 
diagram* (tig. 279). 

Thirty yeafs ago every 
million tons of coal claimed 
the sacrifice of more than 
seven lives; nowadays the 
number ©f vietjims is re- 
duced to between four and 
five. The gradual improve- 
ment shown by the curve 
is emineniSy satisfactory. 

(3) Comparison of Mining 
and Quarrying with 
other Industries. 

The next question to l>o 
discfissed is how miifing 
compares with certain other 
industries a.s regards safety. 
Some figures which I pre- 
pared for an oflScial report t 
a few years ago (.see p, 295) 
make it plain that^ the 
mining and quarrying risk 
{see figs, 277 and 278) is 
decidedly less than the risk 
of sailors, and less than that 
of many railway servants, 
and of Workmen engaged 
upon large engineering un- 
dertakings such as making 
canals or building bridges. 

While in no way viisliiiig 
, to minimise the pei^ils which 
have to be faced by life 
miaer^ it is only fair to 
point out that •there are 

* Ihid, (as on p. 290), p. 70. 

+ Jleport qf the DepartmentM 
v^on 'Meriemthshire 
SlcUe London, 1895, p. 

• xx. [Cd. 7692.] ' 



Fig. 279. — Niimber of deaths per 1,000,000 tons of mineral raised at mines under the Coal Mines 
Regulation Act, 1873 to 1907. 



working men deserving a sbare of r publics 'syna^tby. 
legirfative protection. ^ It is to be hoped that at ail events;, tb# 
railway aorvant w'ill soon be feeling the beirefit of the' jie^ 
reguL'itions established under the Kailway Employment (j^feyention ' 
of Accidents) Act, 1900. 

(4) Classification of Accidents at Mines and Quarries. 

Tlitnerto 1 iiave hccn dealing with t})<‘ general inort'ality from' 
aocidenta ; when it is desired to reduce the heavy death-rate which 
I have pointed out, it becomes necessary to descend into details 
in order to determine Avhich classes of acciflents are niost td bo 
feared. The case may be compared to ^bat of n, country with a 
heavy mortality from various diseases. 91ie health department 
will he anxious to find out what proportion of the deaths is due to 
each class of disease, in order to settle into what channel it should 
particularly direct its energios. 

Mining and quarrying accidents must theiefore be olfC^sified 
according to cause. 

The scheme adopted by the Dritish f-ispcctors of Mines* first 
separates tlie underground accidents from the surface accidents, 
and then classifies the former under four main headings. We 
'.t-herefore have • — . ' 

A ccid^nU at Minoh. 


Underground . 


/ Explosions of fire-damp or coal dust, 
) Falls of ground. 

■ \ Shaft accidents. 

( M iscellaneous accidents. 


Above ground. 



becupaiimal 


. Industry. 


" 3 H » 

c 

® .S 

^ ® ^ m 
4 - +3 l' *1 


Qiim ryi ng. 

Open ftlaj:e quarries, Carnarvonshire 
'Pe<irliyn sUte^quaiTy, near Bangor 
Dinorwtc slate quairy, ifcar Llanl»cns 
Open slate quariies in Carnai vonshite 
omitting Dmorwic and Peurhyu . 
Stone quairies, Carnarvonshire 


Qonsty uotitm ot Manchester Ship Canal 
Construction of Tower iTridge, London 


1887-1892 

1886-1894 


}J.aiI way<,. 

Railway servants of the United Kingdom "I ^g^- 

(a<-(;identa in wlucij the inovemefit of!- aij([ i8f<0~189‘' ^ 
vehicles was concerned) j 

(et) Bi-akesmeu and goiids-gnards , . 1884 - 1899 

(&) Permanent' way men . . • . ,, ,, 

(c) lSngine-(lnver.s • ,, ,, 

{d) Porttirs . . . . . ; 1887 1898 

(«) Shtinters { ,, „ 

(/) Passenger-guariis .... 1884-1893 

Av^erage of the six (»ecu]>ations a, />, c, d, 

. ^ ,1 

AJl tke railway servants of the Unilcd War onde<l June 
States . • . . " . . . , 30, 1890 

Railway servants in the United States ^ 
engaged direC+iy in handling trains, Year ended June 
v viz,, iBngine-dnv%i‘s, firemen, guards, 30, 1890 

' ’ atfd dtlxer trair^iuen 


- Sfdpping. 

>0re1irai.of BritisTi merchant lj.bips registergd 
lu im Ufiited Kingdom 


1871-1880 

1881-1890 

1891 

1892 


lOOO Persons 
Employed. 
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«The next diagmms (tig. 280*) are of inj^erost in show ig now 
each class has cuutribtjted in th\j past to swell the toti4 de; lufoll. 
Whether w'c take the 'fall Ijalf-cciitnry or any one pa'ipular 
decade, that by far the most formidable wemy of the 

miner js the ‘fall of ground.’ Granted that an occasional 
explosion may rijiim scores of victims at once, the constantly 
recurring single fatalities from falls add up at the end of the year 



AVEF-ACE 

iaf^(-'0OO 



Fig. ‘iSf*. — rroportioii of from ilitu-rciit clashes of accidents. t 


to a far higher total, d’his is the most important Ibsson to be 
learnt from the statistics of mining accidents. 

As we pass the various decades m review, the waning importance 
of explosions is vi'ry striking and also the growing safety of shafts 
in spite of their increasing depth. , 

Gn the other liand, surpnn’ may be expressed at the larger 
proportion in later years of the .at;cidents classed as hMiscellaneous,’ 

* 0, Lf*. Neve Foster and Qadrries: Gciicml Report and Rtatistiea 

or 1900, Lr.ndon, 1901 [(\1. 700 j, p. 74, , « 

t From 18f>l to ISCO tiio states tics relate to coal mines only. 

„ IStU ,, 1x872 ,, ,, ,, „ ,, coal and ironstone minOxS only. 

,, 1S73 ,, 1900 ,, ,, ,, „ ,, all nniies. 






ACCIDENtSf 


2^7 

wiiicb iiichi le the numerous casualties from haittagc. The reason 
is'not far ir seek. Larger areas afe now worked from a given pair 
of shafts and the average distance between the workiti^ face and 
the pit bOtt^ is consequently greater, and the traffic is carried 
QH'toechatiio^y instead of by liand. 

'The increaSMJ in the proport ion of the surface accidents may 
explained in a similar manm^r. Far more wt^rk is done nowadays 
hy mechanical, means in prejtaring coal for the market than 
formerly, and the introduction of machinery has brought a*factory 
risk into a domain where formerly there were only workshop 
dangers, 

The same story is told in a somewhat diflerenb way by tig. 

281 .*^ • , 

The classification of mininp accidents ado[>tcd for the Fnited 
Kingdom is showa^ by the following table (p. 2!)9), which gives 
■'he aclital uitmlat ‘of deaths due to (tach cause fur 1200 1901 
J ad 1902, 

Quarry accidents arc ihvided officially into four main classes^ 
arul eacii class is subdivide I according to tlic table on ]>. 
which gives the result? for the three years 1900, 1901, and 1902. 

(p) Commonest Dangers at Mines and Quarries. 

As already pointed out when dealing with the main hc:fdings, 
it is evident tria^ the worst soro atllicting the mim^ is the ‘ fall 
of ground.’ No - should he spared to prevent ac.cidents from 
this source, and it may be hooted that the new Special Rules 
which require jirops to he {)ut in at sLated iiitervals, regardless 
of any apparent firmness of the roof, will in due time bear 
valuable fiaiit. 

Next in grievouBness are the fiaulagc accidents. Much can be 
done to reduce their number ly preventing the median ical haulage 
roads from lacing used as the oi dinary rravdhng roads of tlte pit’s 
crew, or, where it is commercially out of the question to jirovide 
separate roads, by fencing off a portion of the road for travelling 
purposes. * 

The statistics Slow that theyisk of over-winding is greatly 
exaggerated by the outside pu’ », aiid licar Icstimony to 
care and skill of the British eugiiioman. 

Although the*qiiaiTym1ln is threat<ined, not by falls of roof like 
the nAiner, but only by falls of side, it is evident from tbe last 
table that this class of accidex!! is the one most to bo dreaded. An 

* C. Le Neve Fowter, Mln^ avd Quarries: GeAieral Report and Statistics 
far 11)02, London, 1903 [Cd. 1795], Opp. p. 68. 




from various causes 6f accidents in and about all mines of the United Kingdom from 1873 to 1907. 





X‘QC5I^l!{TS. ^ 


Deaihf^ frcm at aU tJm MinM in the XJnilcd Kingdom 

for trie Three Tears ’1)00, 11^01 and 1902. 


— a — .... — 

a 

Place or CfUise of Ac< idetil. 

Number of Deaths. 

19(10. |i9oi. m9. 

Explosions of fij'e-iiamp or coal-dust . . , .| 


-1 

ca 

Falls of ground ... . • I 

."‘09 t 

494 i 

407 

Shall aocidcnis— 




Ovefvviiiding 

r> t 

1 

4 

* K.ope.s or •liains bre'^ing 

! 

1 

11 

Whilst ascending or de'-cending bv nmohineiy 

liO 1 

22 

21 

Falling inlo shall fioin surhice 

0 1 


4 

‘ Things failing from surface . . ' 

! 

2, 

4 

Falling from part %\ ay down 

25 ( 

• 2.5 

82 

s 

Things fallin;.': (rom part way down 

1 1 

• ' 

Miscellanooiis 

l.s i 

iTi 

21 

• Totfd* ! 


79 

105 

Miscclhu) eon s n n d erground — 




By explosives ....... 

yi 

22 


Suffocation by natural ga.sos .... 

.s 

4 

• 9 

7 

By underground lires , ... 


it 

Iruiptions of water , . . . . 

8 


4 

Haulage - 

Ropes or chaitiS hn-alcing .... 


20 

18 

In other ways (run ov*r hy trams and 


172 


tubs, etc ) . . . . . 

lOS ' 

i 187 

By inaehineiy . 

ir. , 

12 

! - 

Sundries 

45 , 


! 

Total .... 

i ;;9i 

2vS0 

: 298 

‘ Total underground 

i 

1 978 

1 988 

On surface — 



14 

) By raachinory 

20 

18 

Boiler exploB^on^ 

4 

‘ 1 

’*66 

Railways, sidings, or train \vays . 

1 40 

1 108 

‘ “ Miscellaneous , • . ^ . . . 

80 

40 

♦ 

^ Total on Surface .... 

1 119 

1 158 

120 

' Cross Total 

■ '' •• 

1,050 

j 1.131 

i,or>3 


' * In the** Insj^ectors' Reports ” for 1902, haulagt* au!KU*nts are claasilied as follows: 
(iti Rapes or e'valns IjreakJngj (6) Bun over by trams atnl tul>s ; (c) Other lauhage 
WSwideat^ As this blasslflcation tlUlers frt>ni that adopted in previous yeais. It has Ijeen 
^ed«^-y table to put (ft) and (ft) together. Of tlie l'^7 deatiis in 1902 no letei than 
tihe heading (ft). . 



TIIK Ot MINING ANP QUARRYING; 


Deaths from Areidmts in arid aho^it Quarnea more tlmn 20 /it. deep 
in the United Kingdom furtng the Years 1900, 1901 arui 1902. 


' 

Number of Deaths. I 

PIiK ti Cause of Accident. 




, V 

T900. 

1901. 

1902. 

Iiipido, til© quarries (z.e., iuside the actual pits, holes, 




or f xca^ ations). 

‘ 



Kalis of f^round — 




From beyond tlie peisou’a own woricing place 

16 

1.5 

14 

From the pel sou’s own wi'rking place . 

37 

24 

30 

Total ... . . 

53 

39* 

44 

By Ida.stinc — 




Wlnlo charging or tamping. 

6 

8 

9 

Fioiii st(.ne.K }u'(t}ecte»l by shids, when persons hail 




not taken sufheient slndter 

S 

e 

4 

From*niHs-ihes ... ... 


0 

3 

Mi.^i'cllunouus .... 

4 

2 

2 

Total . . . . . «■. 

Id 

].5 

16 ‘ 

During ascent or descent — 




y Falling from paths, steps, or laddpi 8 . 

3 

3 

3 

When ascending or descending Ity inacliiiiery 

1 



Mis'cellarieou.g 


• 


Total 

¥ 

4 

n 

3 

Miseollaneous — 




Ropes or chains breaking ... 

3 

1 

1 

Machinery . . 

4 


5 

Boiler explosions 


1 

... 

Inclined and engine planes . 


1 

1 

Railways, sidings, or trainway.s .... 

ii 

4 

7 

Falling from ledges 

12 

10 

9 

Sundries 

15 

.12 

17 

Total ... . . 

45 

29 

40 

d'otal inside quarries ..... 

rn“ 

1 : 

86 

103 

Ouisidc the quariuis — t- 




Machinery 

2 

4 

6 

Boiler explosions . . ‘ . 




Inclined and engine pdanes , * . 

2 

1 

Mfl 

Railways, sidings, or tramways . . . . 

3 

6 

7 

Misecllanoous . . , . * * . , 

6 

1 

S 

Total outside quarries . 

- - < . _ . 

12 

12 . 

16 

Gross Toiil . . . 

% 

127 

98 j 

119 ' 



ACOIDENTS. 


mi 

Qudeavoujr is mj*d^ hf the British statistics to dra»v a distinction 
between fifds coming from tho man’s owv working place, which it 
*ia his business under the Special Knles to inspect* and those 
coming froiTi elsewhere. Whilst the actual getter may^fairly be 
expected to share with the agent the resporisilTility of seeing io 
the safety of the working face, the casual passer, tho loader, the 
tramnier, and the ’dresser have a right to claim that the ^mj/.oyer 
shall protect fhem from hxlling stones. 

Blasting accidents are frequent. Their niimher might certainly 
be reduced if quarrv -owners would enforce better discipline, 
because injuries or deaths often result from stories projected by 
shots, vfhich would have had no harmful elFects if workmen had 
retired to tl?e sheltcifs specially crecttnl for them in conformity 
with the vSpccial Hulcs. 

It is beyond the scope of an elementary text-book to deal with 
the means of preventing every class of mining and Quarrying 
accident; tho subject is one requiring a lengthy treatise itself,, 
and my object at present is simply to act as a finger-post to the 
strident, and point on^/ a road which it will be his duty to travel 
later on. 
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Aoacia furriiiubt'nug, 100. 

Access, Ausin-iii suit imueiV mode 
of, 297. 

hy luickfts, skipsj and cag<-s, 2‘kS. 
ladders, 2.57. 
ni.aii engine, 290. 
stc}»s and slides, 297, 
vclocipode.s, 241. 

^ waggons, 211. 
wiVkiiig, 291). 

Somerset cilheiv’ mode, of, 297. 
toboggans as a nn-ans of, 297. 
to woi kings 2‘b). 

Awidonts, 287. 
blasting, 299, 300, 
boj’uig, f>(). 
clasbideaiion of, 294. 
commonest kinds of, 297. 
companson ul mining and (juairy- 
ing with otlior industneK, 299. 
deatli'i. lies from, 287. 
explosion of lii'i'damj) or coal dust, 
290, 298, 299. 

. falk of ground, 296, 298, 299. 
haulage, 297. 

in shafts, 296, 298, 299. , 

means lor }>rovei)tiiig. 297, 901. 
H^iscellaiicuus nndcrgioimd, 290n 
29S, 299. 

overwinding, 297, 

standard'of a dangerous oce.upatfu : 

judged by, 287. - 
statistics of, 296, 298, 299. 

■ surface, 296, 298, 299. 
Accommodation, house, for miners, 
280, 281. 


Acetylene lainp.s, 291, 

Acme }»ick, .67. 

Acts, Alkali, etc., 279, 

B()ilcr Explosion, 274. 

Kriiu; Purii]»ing, 274. 

Coal Mines (Check Weigher), 271. 
Coal Hegulation, 270. ^ 

Explosives, 274. 

Eaotory and Workaho]>, 274. 

Lisl. ol Mining and Quarrying, 273. 
Metalliferous Mines R»‘gulation,270. 
Mines (IVoluhition of CJhild Labour 
Underground) Act, 272. 

Quanies, 272. 

Quainy Fenping, 273. 

^ Rivers rolluUon Proveution, 275. 

* Sfato Mines (Gunpowder). 272. 
Truck, 275, 

Workmen’s Compensation, 275. 

Adit, 135. 

ad van tage of working mines by, I'IS, 
drairuige, 198. 

Ernst August Stolln, 193, 

(laulanne lignite ininep, 105. 

, Kaiser .Josef Erbstolln, 194. 
KaisorJosef Ih, 194. 
levels used by miners as a meaiis of 
access to* w^kiugs^ 286, 
Mansfcld copper mines. 194. “ 
Monte^oni, Sardinia, 194. 

Newhouse Tunnel, ColoradOjA95. j 
Rothschonborgor Stolln, 194. ' - ' 
Sutro Tunnel, Nevada, 19ai 
Advantages and disadvantages 

' t *miner’8 occupation, 278, v-: v ^ 
Aerial ropew'ays, 166, 170. , 

Aetna Powd,er Company^ ftUso, ^7.*: 
Africa, kmds of timber ised i*Xj OT;;, 
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Afterdamp^ 

Agglommlitia of , Hniaii coal and fiin* 

' p, JrouM'c, 251. 

Air^ causes of >oliution, 211, 
friction of, 22^. 

instrument for measuring vt'locitv. 
225. 

test b/ candle flame, ’224. 
testing tho quality, 22.3. 
Air-rornpreasoi, 71, 72. 

Ingeraoll-Sergeant, 72. 

AiM'ooler, Sergeant, 7>) 

Air*cumzit, moans of flistribuliiiir, 

222 , 

melliod of prt'duM'ng, 21fl. 
resistiince to, 223. 

Air-motion for dres. mg, 257 
Air-pump, wooden, 222. 

Alder for t'uibfMing, 101. 

Alford on gold mining jn Erypt, ‘IT. 
Alkali, etc. AVorks lugulation Acts, 
273. 

Alluvial dqtosits of tin ok^ 20. 
Amalgamation ])rt»eehs frr extracting 
gold, 2f!2. 

Amber, method ot obtaining ni. 
American dnlling t(*ols. 53. 

• proepss of boring with rope, M, ,52. 
Ammonite, 60. 

Amui^(’ments for workjKHjplo, 2.SG. 
Anaeonda mine (Montan^). 13. 
Ancient mining town in Egypt, rm ns 
of, 38. 

Anci<mtAvorkings for gold in Egypt.37. 
Anemometer, Biiands, 22.5. 

Animal Imnows as indication to pro- 
spectors, 36, 

Auinial power used for underground 
.transport, 160. 

Aiiiraak dest^clive t.o timbf^r, 102 . 

■ ' ’ used fdr conveying mimuul, ir>6. 
Ankylostomiasis, 281. 
means for curing and pie.venting, 

' .n 286. , • 

'Antbracite, dressing, 266. 

. Anthracite mines, ^ater-flusfi sv^tem 
of packing,' 1.50, 151. 

Arndts .collieries, slower baths at, 280. 
‘Apatlite (phosphate of lime) mode of 
‘ ^ * oecwence, 20. ' 

of ground, 188. 

' Ai^rJiimps', ”2^8, 

Arizona; occurrenoe of copper ores in, 


■•AiTanlt’s portable bonng plant, 47. 
Aisenic,'j^>re])aration of, 264. 

Ar. -conical cobalt and mickel ores, 
effects of inlialing dust fi-oni, 
284. ,, » 

Arsenical j>yiiks, calcination (jf, 20-^ 
soot, 264. 

Arsenious acid, 264. 

Ai tificial venlilution, .,17. 

Aruba, phosphate of lirnc dt-pusits, 21. 
Ascending ordcscending by macliinery 
accidents, 200, .3)0.. 

Asc<‘ntuiid desceril, guides, 239. 

! Ascent and descent of miners, 236. 

I Asia, kinds of timber usrdin, 101. 

Aspen for tunbering, 101. 
j Atinosplienc w“atbering, 260. 

I AILicliing hauling rope to hanger, 
j Otto’s system, It;*. * 

{ Ailacliing win- rope to cage, ^182, 183. 
Atlaelinieiit of waggoes to endless 
rope, 165. 

A file, 114. 

Auger used f-r bonng 48. 

Anrifeious congloioerare, 14. 

A ariferous veins, composition of, 15. 
Australasia, liydraulic mining 4i, 
97. # 

Australi.i, kinds of timber used in, 
102. 

method of timliering, 10.5. 

AustJ'niii salt mines, mode of ascent 
and descent, 237. 

Aiilouiatic dum]>ing cage, 186. 
water tank, Galloway’s, 196. 

B 

riArKSTAY, 164. 

]>ok slopes, 139, 140, 141. 

Jhiiier, 54, 132, 183. 

Baku, bailiTs ii.sed at. 183. 
petroleuni wells, 18, 20. 
spouting oil well at, 20. 

Balance bob. 203, 204. 

Baldacei on suljiliur desposits of 
» Sicily, 2,5. 

Gaiks of timber, 103. 

- Banket or aurilerous cuiigloraerate, 
• 14 . 

Banksman or lander, 1 S8. 
Bar-Ohanneller, Ingmsoll, 86, 

Ikistard lode, 1 49. 

Baths, shower, at An7in oollieraefe 
(Frwice), 280. 
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Batt (shale), 9. ' 

Beard and Jil acliio’s firedamp iTidicaior, 
221 * 

Betmmont’s vilirnmetfr, 2r*2, 

Beekor on quick silvpT des]k>sil.s t>f ilit 
I Pacific slope, 22. 

Beds, 3. 

faults and i^^ep;^llarilu•^ in, 27. 
oeei>ri'e.noe of zinc Lit iide in, 2G. 
tllicklK'SS of, 4. 

Beeeli for Lindiei iupj 10]. 

Bee hive coke ovens, 203, 204. 

Belgium quarries, use ot sh'd w in- 
saw at, 8^5 , 90. 

Bell-screw or s* n w grab used foi 
boriiig, 48, hi. 

Benching, 137. 

Bciidigo" or Sandliiir^t goldtield, 1 
Vi(»(vjna, ir», I 

Bertram jind * 'obbohPb specd-elua king 
apjilianco, 3 89. 

Bind (shale), 9. 

Biram’s aiieinoiiifirr, 22... 

Birch for tiinbei-ing, 101. 

Bislnqt’s liead, 2v)3. 

Bite used for homig, -18. 

Black-damp, 214.. 

Black vfatilc for limlM'nng, 101. 

Blaes (sliale), 9- 
Blake’s roc.k- break it, 245. 

Blanchct’s pneumatic hoist iug ajipar- 
atus, 190. 

Blast furnace slag used for filling up 
in mines, 151. 

Blasting, explosives u.'-ed f..r, 03. 

gasp.s produced by, 215. 

' gelatine, 05. 

getting ]ieli'oloum by, 133. 
large blasts, 129, 

meaUB for [U-eventing accidents 
from, 301. 
safety fuse for, 66. 
tools for charging holes. 63. 
under wniter, fuses for, 66 
with gunpow'der, 64. 

(Svith uitro- compounds, 65. 

Blasting accidents, 299, 30<>. 

Blende, dressing of, 268. 

Blue ground, definition of, 13. 
method of treating at De Beera 
mine, 261. 

Blue gum for timbering, 101, 

Boat, conveyance by, 156. 
levelu, 156, 167. 


Bobbin or reel, 177, 

Bob-plats, 204. 

Bogies, 158. 

Boiler Explosion Acts, <274. 

eiplo«:ions, 299, 300, 

Bolivia, lJuanchaca silver mines, 23, 
Bolsovor collieries, miners’ cottages 
at, 281.' 

Borehoh'S, 131. 

extT.o tion of minerals by, 131. 
for extracting salt, Muhilesbrougb, 
133. 


in sinking .shaft at Foxdale mines, 
Isle of Man, 94. • 

lining for, 51,# 
method of ]dai'iug, w’hcn .sinking a 
shift or (It'iMug a le.vel, 9-1, 
lemoval of deluis flora, 46. 
l>v)i mg, 41 

aecidentr, tb lod' , .'lO. 


Fauek’.s method, 48. 
pen ussion wilh rods. 45. 
peu’iqMon wilh rope, 51. , 

rol iti'Ui, 41. 
doubh) handed, 61. 

free falJing tools, 50. 
for coal at tlin nuncs of the East 
India Raihvay, 46. 
gri]>p]Dg appliauce for withdrawing 
bar, 60. 
iron rods, 4^8. 

, }>lant, Arrault’s jun table, 47. 
process of, 46. 

Ibiky system, 49. 
rod, 48. 
rods, iron, 46, 
singlc-liaiided, 61. 
llirust ’•egister used in, 43. 


toohs, 48. 

tools used in Americar 53. 
with diamond drill, 41. 

rojie, American process of^ 

51,52. 

wooden rads, 49. 


Boruet's arrangement for flushing 
bmeiiolcs, 283. 

Bottom stopes, 139.' 

Bowks, 182. f 
Brandt’s hydraulic boring machine^ 
77, 79. ■ 

refciiry hydraulic drill, advantage of, 
’■ 283. 


Brattice, 106. 
cloth, 222., 
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Broa.kf ') t?iake's, rook_ 

gyratorv io<k, il.Ki iJd und .lack’s, 

Byeakyig^ up, snbtlividing, or shapiiii^ 
of minerals,. 244. 

Brijic, mHhod of cojivcjuiig, 151. 
production of salt from, 2fw . 
pnrn])iiig (oorapcu^jitiou for sub 
siiVnci;' Act, 27 'l> 
w.lls, 134. ' 

Briquetted 2.''2. '* 

British Columl/ut, Humo f(»r placers in 
Atlin dislrici, i)J>. 

Broach, 87. 

Broken 11^11 mines, N.S. W., d**- 
. soiptioii <4, 23. 
lead puisoihng at, 2t<8. 
poisonous fumes at, 215. 

Brown coal of Geruiaiiy, dressing of, 
2G5. 

Brown conveyor for discharging iron 
ore cargoes, 170. 

Bucket or kibble used tor miimia), 
159. 

Bucket dredges, 73., 74, 75.* 
foi puui}), 201. 

winding, 132, 18 k 

Buckets, skqia, and <Mg' ■- l'*r aM'enl 
and descent, 23-8. 

Bucjkiug, 244. 

Bucyrus Company’s dredge, 74, 70. 
Bulbdog gunpowder, G4. 

Bullock Manidaeturing Co,\s rlranioad 
drills, 43. ' 

Bunning, 140, 

Buntons, 100. 

Burrows of animals as indications to 
the proypcctoT, 31, 30. 

Butte district (Montana) co}>per de- 
posits, 13. 

• c 

Cage, automatic dumping, ISG. 

’ Comstock lode, 18<^, 1%7. 
for de.sccnt and ascent, 239. 
rate of winding, 239. 

Calamine, treatment of, 268. 
Calcaroue, 268. , 

Calcination of clay, gypsum, ironst</ne, 
‘and tin ore, 26 T. 

, ores, objects of, 261. 

Canche, preparatiou of, 260. 
California, hydraulic mining in, 97 


California quicksilver mines, 21. 

(^lyx drill, 46. 

Canada, hydraulic mining in, .97. 

kinds or timber grown in, 102. 
Cancer caused by inhaling d its t from 
aiaemcal cobalt and iijpkel ores 
in 8axoii mflcs, 284. 

Candle boldeti , 228. 

Candles, kinds n^-d for lighting work- 
ings, 228. 

used tor P. sting quality of 224. 
Ca]» bi boring plant, 18. 

on ll.imo of sat* ty buuji, 223. 

Cap(5ll fill, 218, 219. 

Cappings of win* uqies, 183. 
tlai bonus, 26. 

Ciirbouite, 65. 

Caiboiiie. acid gas in aii of mines, 
212, 217. 

oblained bv boicbol.’t 'md pil>ing, 
132. 

Carniola ijuiekbiiver mines, 2i* 

Carraia quaiiies, use of wire saw for 
euiding marble at, 88. 

I Carriagi of minerals ’oy persons, 153. 

k-’ari’s di.sinlegiator, 251. 

‘ Calks used foi trauspoiting minerals, 

: 156. 

ratehes, s.afely, 186, ISti. 

Caving un tliod of uoiking rain^^, 143. 

( ’union tation pioeess ajqiJied in diess- 
ing, 261. 

ConlnliigaJ fan for ventilation, 218. 

* pump, 74. 208. 
sluiebig, 331, 132. 

Chambers, undeigiound 135. 

Chance discoveries o{ minerals, 30, 

Cl langing- bouses, 279, 

Chaiiiioliing machine, Ingersoll bar, 
86, 87. 

Waiduell, 87, 88. 

Charging .spoon, 63. 

Cheddile-, 66. 

Cheeks of a \ein, detinition of, 7 
Chemical piopeiUes, die.ssing pro- 
ce-sse-i depoudiiig upon, 260. 
’’^“iry wood tor timbering, 101. 
\..iie.shirc salt mines, 134, 136. 
Chesneaii’s iiim)) for diicctiiig tiro- 
• damp, 223. 

Child labour undeigiound, prohibi- 
tion of, 272. 

Chili, section of nitrate of soda bed, 
18. 


20 



306 




'<?liina cUy, diBcovery of, Bt. 

Ohiael, Fjiuilve m<^cliainoal, 82. 
Chlorate of potassium niixti^res, 66, 
Chocks, 10J>. 

Cinnah'ar, inode of tw-cnirence, 22. 
Circulai^saw groo\(s cutters, 87. 

Clack -piftoc, 201. 

seilt-picce, 201, 

Clamps, 48. 

Clam slu'll di’f'dgCj 71 

Claimy'iHinf), 22o, 221. 

Classification <4’ (Uridcnt^ at mines 
and quarries, 204. 
of mineral deposits, o. 
of mineral workings, 269. 

Clanstlial, circular shaft luird with 
steel at, 118, 

Olavdioiisli.iiB, oaleinatioii of. 261 
Cleft,, 4. 

Cleveland distiict, jumper used in, 

61. 

Clift (shalek 9. 

Clotliiiig of niiner.s, 279. 

Clowes hydi't-gen lamp. 221. 
Coal-cuUing maeliines, Di.se, 87, 89. 
Huid’s, 90, 92, 98, 

Jeffrey, 87, 89. 

C^rjal deposits dassilied according to 
y^lucality and geiJogtcal age, 9. 
Coal (lust mixed with air a cau.^e of 
explosion, 215. 

Coalfields, Ihitish, map of, 10. 

Coal measures iu Kent, discovery t;f, 
S7, 

Coal mines, longwall syhtem of work- 
ing, 114, 145. 

pillar and stall system of working, 
144. 

Coal Mines Regulation Act, death- 
rates IVom accidonis at mines 
under, 29(i. 
workings under, 270. 

Coal, mode of occurrence (*f, 9. 

preparation of. fur m.-rkti, 265. 

Coal seams, thickness of, 4. 
in England, France, and dormany, 

timbering of roadways. 101. 

Goal washer, 257. 

Cobalt mines in Saxony, cancej caused 
by inhaling dust at, 284, 
Cobbing, 244. 

■ Coffering, 123, 

Cogs, 105. 


Coke -making, 

6v(mfe, 203', 264. . ^ 

Colour an indicatior to tbe prpi 
spec tor, 31. t 

Commonest dangers-^ at mincsj and 
q^uames, 297. 

Comparison as regards safety .of min- 
ing and quarrying with other 
industries, 293. 

Compensation Act for wcukiuen, 276. , 

tlompound engine for winding, 174, 
175. 

Compound system of housing miners 
at Kimberley, 281. 

Comprf!.s.sed air drills, 80. 
f<tr excavating. 70 
for working juurips, 205. 
haulage locomotives, 161, 162. 
hoisting engiuc, 174. 
used for linking siiafts, 125. 
ii.sed for ventilating workings, 222. 

Oonijire.Nsor, air. I iigersoll ‘Sergeant, 
71,72. 

Com.^toi k l<id«‘, di-scription of> 23. 
lifting pump used on, 201. 

(Joncentration by tail in water, 254, 


Concrete bloeks, 114. 
dams, 1J2, 193. 
lining for loveh, 113. 
lining for shafts, 114. 

Muiii^r system, 114. 

Condition o/ the workmen, clothing, 
279. 

education and religion, 286, 
h<;.spita]s. 285. 
houses, 280. 
labour, 277. 

occupational dist'ascs, 282. 
recreation, 286. 

Coiiifem for timbering, 100, 

Conqueror rotary drill, 58, 59. 
Cousolidatiiui of small mineral into 
patent fuel or briquettes, 2511 
Continuous jigging inachluc, 254,' 


255. 

Conveyance of mineral, 153, 

Conveyor, Kreis, 154. 

Jlobiiis, 168, 155. 
screw, 153. < 

Co-operative pumping. 208- ^ ' 

Copper, precipitation - of, at Pa^a 

-t 261. i 

Cjip’fier mines, Mansfeld, of^- 

woii^ngt,148, 149.. ' ^ 
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luhies r ^rlvfvi by filling up 
* ivQthod.j'i^Ar ? 

" longwell s>%terti, 14ft, H9. 

Copfji&r nuTuug tlistri'ots of Gcrnvany, 

. Spain, i'Portnga!, and Umt(id 
States, H. 

Copper ores, dressing of. 266. ' 

miyJe of occurrence, 11. I 

Copper ]tyriies, dressitjg by Klniuie i 
pr;)eess, 21^). i 

Cornish engme for pumping, 1J)9, 
ga<l, 58. - I 

mallet, 62. j 

rolls, 250. ' ; 

Coniwall, <^ases of anby1o.^tonniisi« at ! 
• Dulcoatli^niuo. 284^ j 

rm»dc of occiUTCiice of lin ore, 26 
Cotiagf'R fo) imriers at Bolsover 
collieries. 2ol. 

Countrv, deiiniTiou o<', 8. 

Creep, 115. 186. 146. 

Crib or eurlt, 114. 

Cross- c(mr.so oj‘ fault-, 2U 
^‘.otiou <if inineia} vein, ^‘;7. 
Oi'fissjngs for air curn'iit, 2J2. 

Cro-wbar, 56. 

Crow’s fuot. 50. 5i. 

Crashing niacliincs, nsf* of various 
kinds of, 251. 
rolls, 250, 

Orystalhsatjon )>rocesb in dressing 
mineral. s, 2*50 • 

Cilpriferoub amygdaloid, definition 
of, 12. , 

lava beds and conglomerates, 12. 
Curb or crib, ] 1 4. 

Cuttci’s, groove, 85. 


Death-rates from aacnlents at mifiea 
under Iho Coal and Metullifor- 
otjs Mines Kegulatian Acts, 
290. 

at (juairn-J!, 293. 

' ]>(sv l,(*00,00n Jpns of coal raised, 

! 290, 293, 294. # 

! Deaths, pro]*<>rtion ol, from ibfierent 
i classes of accidents, 296. 

Do lleeisdianiond mil , .se<*h . of, 13. 
system of working, 14 7, -* 5. 
treating of }»lin- ground at, 261. 
washing nnu lnne at, 243. 
blocks, cage, 186. 

De])(t.sition of minerals, 3. 

Ih-posits of Coal of difleienr geological 
agot,, 8. 

D( posits, thick, uHtde of working, 
146 -1 18. 

Descent and ascent of r t..('a5, 236. 
Desiccation in dressing, 257 ^ 

Detach mg liooks, 188. 

Duimoiid bearing rock, dre-ssing of, 
20.’>. 

foimation of, 11. 
ti eat meat by weathering, 261, 
Diamond drill, boungwith, -ll. 

' Daiinlle.ss, 42. 
j prospecting, 44. 

! SullivanVs j'lospectiiig, 44. 

' thiiist regi--ler of, 13 
j Diamond inme, De lieeis, system ef' 
1 working, 117, M8. 

Diamonds, local i lies where found, 14. 
occiirivnce of, 1 3. 
washing mac I line foi, 213. 

Die of stanif), 249. 

Dig (Cornisli), 70. 
delinilion <6', 8. 


Dams, method of orecting, 192, 196. 

concrete, 15*tJ, 193. 

■ .spherical wc^den, 192. 
wooden, 192. 

ikngeTQUs , occupation, standaid of, 
^ , 287. • 

Bangerss commonest, at m^ies ami 
7;,.. q^uarries, 297. ■ . 

Dailhtless diftlpond drill, 42, 

^Davis’s calyx drill?, 46, 

.payy^jJamp, 2S0* 
level, 1913., 

,Dead^ 111. ^ 

from accidents at nunes 
" aud;qi^‘rriea, 287* ; 


f)igging, machines for, 72, 73. 

Di]», dcliriinon of, 4. 
measurement of, 7. 

Diploma in science and niiniiig, 
iwlvantagc of obtaining, in 
»xaminalK>n far manager, 272. 
Dipping needle used in searching for 
♦r magnetic iron ore, 38, 39. • 

5 Disc, machines for coal-cutt mg, 87,89. 
Diseo\ery-of minerals, 36, 

Disease among colliers, 284. 

Festiniog slate minors, 285. 
Diseases, ankylostomiasis, 284. 
from arsenical cobalt and nickel 
i ores, 284. 
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Diseases from cinnabnr raining, 284. 
from inhalation of dust in miIic^, 
2?f., 282. 

.load on>s, 283. 

of tin minors in (lorn wall, 284. 

DisintogmLion of iinnorals, 280. 

fl)isint(’grators, 2r*] 

Distillation of aul}){)iir rook, 288. 
use of, in dressing. 203. 

Dividers, 108. 

Dii'idin'g.s, 1 00. 

Doleoath mine, ankylostomia.sis among 
miners ui, 284. 

Doors used for air current, 222. 

Duuehy oolliory (France), recreation 
})rovided for workpeojile at, 
286. 

Douglas pine for tiinhering, 102. 

Downcast shall, 217. 

Drainage,, ] 01 . 
by adit, 1 1»3. 
pumps, 198. 
siplions, 195. 
water po\M>i. 199 
winding maclunery, I9.0. 
windmills. 198 

Drainage (joimiiission for South 

U Staflordshuf and East Wor- 
^ccst-Tshire, 208. 

Drawing lilt, 200. 201, 

hiodgi's, hueket, 73, 75. 

Ihieyrus and (io.’s. 76 . 

clam slicil, 74. 

driven by clectneily, 74, 7,5. 

Earnselengh, 75. 

giab, 74. 

]‘riesr maids grab, 71, 77. 
suction, 74. 

Dredging for miiier.d'. otlicr than 
gold, 131. 

maelniie.s fur excavating, 72-77. 

Dressing, ar.senie on , 264. 
by amalgainatioij, 262 
calcination, 261. 
ceimmtutiori, 201. 
cry.stallisation, 200. 

, desiccation, 257. 
distillation, 203, 
evaporation, 200. 
fiiability, 200. 
fusion, 257, 
magnetism, 257. 
magnetism in Franco and 
(Germany, 258. 


Dressing by median, ical processes, 248. 
by motioii in air, 257. 
motion in water, 153, 
petroleum, 260. 

■pneumatic machine, 257.’" 
.solution, 260. 

surface adhesion method, 259, 
coal, 257, 265. 
coal washer ‘used in, 256, 
cojtjKT ores, 265. , 
copj»ei pyrites, 260, 
diunioiid.s, 265. 

Frtie v&nncruscd in, 256, 
gold ores, 266. 
graphite, 260. 
iron oresj^ 266, < 

le.ad (ties, 206, 
machines, jiggem, 254. 
phospliate of lime, 200, 
processes, claHsitieation of. 242. 
dept iiding u])oii chemical pro- 
pel ties, 260. 

de|>ondmg upon idjy.sic.al pro* 
pcrt'cs, 253. 

! qukksiivei, 267. 
salt, 267. 
silver ores, 267 
slate, 2(>7. 

Slone, 268. 

sulphur rock, 257, 268. 
tin ores, 268 
/inc ores, P68, 

Diitt, 68, 144. 

Dnlliijg, tools used in America for. 

r>8. 

Drills, Brandt’s, 79. 

(lonquoror rotaiy, 58, 59. 

Davis’s calyx, 4ri, 

lor working Cleve) ind ironstone, 74. 
(raidiier, 85. 

Marnson and Sullivaa, 85. 
Ingersoll-Sergeant, 80. 

Ecjiier, 82, 83. 
percussive, ^0, 
rock, 74. , 

Stcavenson’s, 78. 

use of, in sinking shafts and driv- 
ing levels, 93. 

used at Mineru nine, North Wales, 
61. 

Driving levels, 68, 70. 

by Vock drills, 93, 

DNims for winding, 173, 176, 177* 
Drying of minerals, 257, 
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i;ry‘ryt; m tmituvi, 302, 

Dry wall ItO. 

A)tick 225. 

, l)'umT> fault, 27. 

Dust from holes, remedy for 

preventing, 282, 283. 

, in air of mines, disease caused hv, 
216^ 

. .E 

jaiAliNSCLEiiOH dredge, 75. 

Edueatioi) andrulijfion of miners, 28<>. 
^gypt, ancient workings in, 37, 38. 
Ehrhavdt and Sehrner’s ]>um]>, 2or>. 
Electric bells for bigiialling, l.-^K 
drill, 78. • ^ ^ 

fuse, Aetna Powder Oo.^, Chicago, 

67, 

' fuse, Sehmilt & (ki., G8, 60. 
lamps, 233. 

lam],)s. Sussiuann’s, 234. 
locomotive, 16.'. 
low tonsioii fuse, C7. 
percussive drills, 83, 81.* 
jwreussivo drills, Sienn ns and 
Ilalalve’s, 84. 

power, u«o of, in exoa\.i(i/ig. 71. 
Electricity, Ur'-dgc driven hy, 71. 75. 
firing shots by, 67. 
hoisting or winding by, 171. 
Electro-magnet, ise I'f, in boring 
accidents, 51, • 

Elliott coal washer, 2r)G. • 

Elmore process of treating copper 
pyrites, 260. 

Emplo 3 aiient of persons to carry 
, ' mineral, 1,53. 

Endless chain haulage, 160. 

ropejhaulage, 16.5. 

End piece, 1 06. 

» Engineering, Asks of work]>eoph* in, 
295. 

Ernst August Stolln ,193. 

Eucalyptus, S})Goies of, ^sed in tiinher- 
ing, 101, 102.* 

Europe, kinds of timber used 100. 
Evaporation, dressing minerals by/ 
260. 

Excavation by heaf, 95. 
by machinery, 70. 
manual labour, 56. 
water, 96, " ^ 

driving and sinking in levels and 
shafts, 68. 


Ex<‘avatiun, expfflsive>^ used in, 63. * 
firing shots in, 66. 
groove-fjutters used in, 85. * 
machines for. 72. • , 

principal ioohs used in hand, 66. 
shaft sinking machines usfftl in, 92. 
special nietliiKls of, 05. 
supports for, 100. 
tunnelling machines used in, 92. 
Exploitation, 126. 

Explosions, hoihr, accidents from, 
299, 3(»0. 

of hredani}) accidents, 296, 298, 

299. 

Explosives, accidents causi^d by, 299, 

300. 

Act, 274. 

gase-s produced by lin'd, 215. 

Home Office testing station for. 272, 
used in tnnmig, 63. 

F 

Factouy and \Voik''ho]> Act, 274. 
Falling fr<»rii ledgi'S m tpuarncs, acci- 
dents by, 3u0. 

from part way down siiaft accidents, 
299. ^ 

into shaft from suiface acc#lents, 
299. 

Falls ot ground accidents, 296-300. 

means for prevonting, 297, 301. 
Fans, Capeli, 21 x. 219. 
for ventilation. 218. 

(luihal, 219, 220. 

Hateau, 219, 220. 

Schiele, 219, 221. 

Waddlf', 221. 

Fauck’s Tucthod of boi’ing, 4'<. 

Faults, 26. 

mo:isuiemcnt of throw ot, 27. 
recovoiy of jiart of deposit lost by, 

27. 

reversed, 28. 

Zimtneimann’s rule for finding lo.st 
part of vein on, 29. 

♦•jc-rated Malay Sbites, hydraulic 
mining in, 97. 

Festiniog slate mines, Jumper used 
at, 61. 

Filling-up metbods of, 148-151. 
Firodanip explo.siuns, decaying timber 
a cause of, 216. 
in coal mines, 21 1 . 
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FiSredaiiip Board urtd 

MacMo’?!, ‘2i\, 

Chefnieau’B lamp, 223. . 

<J1 owtih’, ,224. 

StukeV iauip^ 223, 
lit 140. , 

oil w el Iff of Roamahia, 2I2. 
ore uiui salt miiKS*, 212. 
ozokerit/; pits of (kilicia, 212. 

?5ii!]>lmr milieu of.Sjcilv. 212. 

Fii’o sel.l'in't, Of-. 

Fires, undergnmud, accidents from, 
299. 

friction of ro( ks in Milphm miiiiig 
as a cause of, 1 16, 

Firing shots, 66. 

by ele<!lncity, 67. 

Fir foi timbering, 100. 

Flat plates or sheets, IftS. 
screen, 2. '>2. 

Fla1t<*ii(‘d htiiuid \vj){ rope. li>2. 
Fluean, 1 40, l.hO. 

Fhnnos, 97, 99. 

Fooi-w.all, detiiiiiion of, 8. 

Force })unj]>, 202, 

FfU’cisiling, 122. 

Form of ground, as mt indication to 
( the prospeetor, 31, 

Foxdalf mines, boicboles made in 
sinking .shafl at, 9,'». 

Frames ov sets, 1U6 
Fituice,. phosphate of lime deriosits in, 
21. 

wood used foi iimtiering in, 101. 
Fraiyoi.s’ wedge and ram, 4*9, 60. 
Franke drill, 81, 82. 

ineclianical clii.seb 82. 

Free/itig nietiiod of sinking, I?.'). 
Freiberg mines, drainage by adit, 

French .slat.e, quarries use of win- S;iw, 
91. 

Friability in dressing miiieial.^, 260. 
Fruc vayuei, 2h(). 

Furnace for liquation, 257 and 268. 

•ventilation. 217. 218, 

Fujes, Aetna rowder Co., Chieiig^ 
67. 

electric, ‘w-69. 
glow, 07-69. 
safety, 66. 
s]iark, 67. 

Fusion of minerals, 2.57. 


G 

Gad (CotnishJj 58,-, 

Galloway’s automatic ’Vater tank. 

pneumatic water barM, 

(hirduer drill, 85, 
liases in mines, 211. 

fmiduced by, blasting, 215., 

Ga.s lamps for lighting underground, 

Cihgmtc, 6 , 5 . 

I »;cneral Rules under the Coal Minea 
ReguUlion Act, 271 . 

Ccol.igy a.s a guide in searching for 
imu* rals, . 30 . ' 

(h'lmans, 6 . 5 . 

C.eimany. amber dredging in, 131 . 
i circul.ir shaft line*! with steel at 
; (■buistliai, liS, 119 . 

, copper imning distnrt of, 11 , 

* ma'diinc n.sed f< r S'-puratiug otus in, 

'’m.uhim* used for sinking shaft, 93 . 
shaft lin'd with concrete blocks*in, 
114 , 

I Gill’s furnace for liquatiuu of sulphur, 

; 268 . 

. GI'Ac fuses, 67 - 69 . 

lamps, 233 . 

G(»a(, 1445. 

1 dangera ari.sing from, 146. 

Gold, iumdg.^niation of, 262 . 
ancient workings fc^r. in Fgypt, 37 . 
ass<ie.itited minerals, 15 . 
at Mount Morg.in mine, Queensland, 
composition (.f dcjiosik of, 16 . 
beds, 14 . 

conglomerate of Transvaal, ooin- 
p sUioD of, 14 . 

I masses, 16 . 

mines of Trausvaal, fliode of work- 
; ing, 140 , 141 . 

' mines in Witwaiersrand, method of 

I tiniberi»g shafts, 107, 108. 

! xicourreiice of, T4, 

I ores, treatment of, 266 . 

, reefs of Victoria, 15 . .. 

; Treadwell mine, Alaska, 

! veins, 15 . * T 

, Gold-bearing gravol, ' exfcractibr 
; , from frozen strata, ' 

. ,,‘working of, 130^ 3SX. • ; . y 
I -quartz, vein at St David’i 
1 Dolgelly^ North Walefi,''6i 
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JllKintioTJ '?f, I 

*j(Ul3Hed 8tatftB^ ’ jk \ '• 

Gkmpilliftre^y tiAssiticution of Methods 

• <5f working, 135. 

j^oiXATi, definition of, 31. ! 

hngo outcrop of, oontttiiiing coj>]tor 
ores, 35. 

Gtrab dredgcB, 74, 77, 
screw* Uvsed forboriif^, 48. 

Gfraphite in Bavaria, dressing of', 

2f?b. 

Gravitation as oi nieaiip of lia,uliig<‘, 

161. ^ 

Giease used in dressing rain erats, 2.59, 
Gimt Laj«iy nater wheel, 199, 
Grisouuite (i-rcMcli exi)loM\c), 66. 
OriBOutine (Flench expiosfu'), 66. 
Groove cui-ters, 8.5, 87. 

Guerjisev quanies diained hv wind- 
mills B)9. 

Giiibal fan, 219, 220. 

Guides lor ascent and de.sc-ent, 22.(*, 
for shalls, 18H. 

Jiubc (or I luring, 48. 

Gjifji'Col.ton, 61. * 

Gun Uinta, dressing of, 268. 
Guniiowder, 64. 

Gypaniu, ealcinatmu of, 261. 

underground winkings at Pam fur, 
136. 


Hade, 7. 

Hadtield and Jack’s gyratory roM< 
breaker, 216, 217. 

Haldane ou ankyloBtoniiasis, 284. 
on causes of death in colliery 
explosions and nndoiground 
fires, 214. 

Haldane and Atkinson on black-damp 
in niiy-es, 214. 

Hammers used ii» boring, 62, 68. 

Hand jigger, 254. 

Hand-picking of minerals, 244. 

Hanj^ing-wall, de^ni^ion of, 

Harnson and Sullivan rock drill, 
85. • 

Hartz blowen 222. 

HAtch and CliaVnors on Ciold Mine,-, 
■'of tile Rand, 14. 

Hatches, 173. 

H^iulagc, 152. 
accidents, 20-7, 299. 

, eleicHio Vailway, 166, 167. 


Haulage, endles^clisin, 166, 
endless rope, 168. 
htwses^nployed for, 160. 
locoraotivcfe fur, 161. ^ 
main and tail lupc, 164. 
ioj>e or chain. 161. 
single rope, 16f^ 

Headgear, 178, 179, ISO. 

H.-ad of slumps, 248, 219. 

Head on excavalmg iron ore. in 
Minnesota, 60. 

Heading, 68. 

Hea\es, 27. 

Hitches, 103. 

Hodgsith’s rupew'av, 166. 

Hoisting, 152, 172. 

Iluistiiig appaiatns. pneumatic, 190. 
Holing, 137. 

Home Ollicc testing slatiou for ex- 
plosives, 272. 

ITuokcr-ou, 188. 

Hooks, salcty, 188, 189. 

Hoplict-, 182. 

lloriiliearn for timhenng, 101. 

! Horses, sledges for liaulago drawm hy, 
155. 

' umlcrgioinid haulage by, 160. 
Hoi.H«*-whim, 173. 

Hospitals, 2^.5. 
j Houses for miners, 280. 
i Iluauchaea sihet mines, 
f of. 23. - 

' llimiau labour employed for nuder- 
[ ground tiun.sport, 160. 

Ilnrd's cual-cutiing rnachine, 90, 92, 
93. 

Hushing, 38, 39. 

Hutch (s, 158. 

Hydraulic boring niai'liine, Brandt’s, 
i 77. 79. 

niiiiing, 96 90 129, 
power, 71. 

jiower for Working pumpg, 204. 
alniciug, 131, 132 


/n'-uve, 241. 
j Incline, 135. 

. Inclined and engine plane.s, accidents 
• on, 299, 300. 
inclined planes, means of haulage on, 
161. 

shafts lined with steel, 118, 120, 
121. 



3^2 INDEX. 


Iivilm, tiiiibcr UBcd 101. 

Judicator for wijj(ling engines, 18fi. t 
Indigestion. 'Festiniog slat^e miners 
snfler from, 285. 

Ingersol] hai-ohaniKdlcr, 68. 
Irigersn]]Y8ergeant air eomjnessor, 71, 
72. 

* dril). 80. 

Inserts destinetive to limbct, 1<)2. 
intereooier. Sergeant \rj(ir;;il, 72. 

Iron an(’ sled supports for levels, 
115. 

Iron-bark for tnnhering, 102. 

Iron bucket or kibble, 150. 

Iron lattioe-'vvmk for ieinfo)(nig eon- 
erelt! in walling, I M. 

Iron mines in iMnOiigan, shaft- lined 
vitii stcd a1. ils. 120. 121. 

Iron ores, t1e\'*’!aii(l distn'd, lO 
distribuiion tif, and inude uf o<-eui- 
rejiec, 16. 
dressing of, 266. 

exirud.htn iiy mil ling proems, l;5i. 
Fr.iuce and Geinwn}, 16. 
magm lie madiim- for eoiHienlianui'. 

' 258. 

magnetic, use of raagnetie noedb 
in M'.ir'-lung for, '58, 
ortlianipfousliire ojnii ‘workings 
Fb, 127. 

outcro]) of massive Ineniatito in 
Brazil, 88. 

section of bodies of oieia jMaiquotle 
Cniinty (Midijgan), 17. 

Spain, 16. 

Unitf'd States, 16, 

Iron ])rops used for Avorking jdaces, 
118. 

Iron jiyiites, f». 

Irouwood for iiinlNMing, 301 . 
Irruptions of ‘water, aceidents fnan, 
209. 

Iral timber, lul. 

, • J 

Jamah timbc]-, 102. , 

Jeflrey coal-cuttcr, 87, 89. 
electrio drill, 78, 

Jigger, 2r>4. ‘ 

Jiggers, discharge of products from, 
254. 

Joddite, 103. 

Jogs (Mintshirc), 106. 


O ft 

Jnliaunesburg gold mines, method of 
workfertg, 140, 141. ' ' ' 

Langlaagte Estate (East), section 
of anrilerou.s beds, 15. ‘ 

Jum})er.s, 61. 

K 

Kaiskh Josef 11. adit for draining 
rfibran/ mines, 194, 

Jf‘.sef Erb.stolin, Hnngary, ,191. 
Kailik’s speed-measurer lor ■winding, 
239. 

Ivani timber, 102. 

Ka.‘tel(i’vssk\'s system for working 
jniinps. 205 

Kauri pine |mi limix rj tg. 10‘2. 

K nil , disefv‘''i V of (joal Measures in, 37. 
Kej... 187. 

Keystone (lull, .55. 

Kiiibh’s, 159 182. 

Kif'sdgnlir, 65 

Iviiubeiley diaun'in] <li-‘rriei. 13. 

niinrs, nmbe r u<-< d al, lOJ. 

Kind and Chandion’s method „uf 
shaft Vunkin.g, 93, 124 » 

King and Humble’s riel <n liing houkj 
189. 

King- j>ust, 2''3. 

Kii.sdTi’s petiolcuin iucandeseent lamp, 
2’ir), 

Klondike, methvd of sinking through 
fiozen .ptrata at, 95, 

Knajiper, 208. 

Kbm-hin on Baku petroleum, 18. 

Kreis cojiA'cyor, 154, 

L 

Lai.ouii, conditions of, 277, 
on Hand mines, ex]»cnJiturftfor, 277. 
pKtporlum of expenditure in getting 
. Cf)al due to, 276. #. 
ladder-climbing, excessive, ir\juriou8 
to hcaltb, 23S.r 
Ladd^'i'.s, mine, ^^37, 238. 

Lagging, .1 1 8. ' ti 

Lake iSu^jer.or co}>per-hraring con* 
glomerate, deposition of, 5, 

La Louviere mine, Belgium, pumping 
engine at, iJOGt 

Lam})s, acetylene, 234. , 

Hlu'Siieau’s firoddinj) detecting, 223. 
CvlfHiily, 230, 231, 

Clfi-.wes’ h-ydrt/gon, 224. 

Davy, 230, 231, 
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Lmipii <»fectric, 2'‘8, ?'i4. 

•HaHz miiiprV7 * 

Kitson'y ^trol^um incandoscout, 

• ^35. 

Marsaiit, 232. 
miners’ oil, 229. 

Mueaeler, 231, 232, 
ordinary open, 229. 
safetyT 230. 

SiciliiML 229. • 

Stokes^alcoliol, 223. 

Suasrnann’s ol(\*lric, 23-1, 
tin,' 229. 

Wells, 235. 

Wolf, 2«2, 233. 

Laneaslnre aru4 C1 u*s1\mv co.allit-ld, 
map sliowiijf;, !0, 

Laiid^T, 184, 188 

Lain* on duiiiioiid dnlht!^ iiiaclniics, 

■U, 

LangluagU' Kstatr .Tol tanner 

burg, hi*{*tu»ii uf am ilt-rniiM 
bads, l.^u 

Laiitg’s wire rope, JHl, 
timlier, 109. 

l^ashiiigs or Tisliiigs, 103. 

Latlia, 122. 

Laurent on coal deposits of ’’i'onkin, 

9. 

Laws relating to rain mg, 270. 

Lead ores, dressim' uf. 2«.0. 

modes of occurrerc'e, 1^. 

Load poisoning at Broken Jlill mine^, 
2S3. 

Lc Ohateliei’s metliod of deLerniining 
amount of liredam}). 221. 
Legislation uti’celiDg mines and 
quarries, 269. 

Level, 68. 

Level^, boat, 156, 157. 
driving. 68*70. 
driving, by rock drilL, 93. 
lined with masoniy, 111. 
method of driving, by haul hilimir, 
68. • 

method of timbering in, Ift*!, lOi, 
steel supports for, 11.5, llo, IH. 
Leyner rock drill, 82, 83. 

Lid and prop, 108* 109. 

Lifting pump, 200, 201 
Lifts, 14L ^ 

Lighting mines and quarries, x.ioans 
of, 228. • 

by candles, 228, 


Lighting by eleclric l.-mps, 233. 
by riascellaneous lam]is, 234. 
ordinary open lamjjs, 2*’9. 
ordinary safety hiraj|)s, 230. 
reflected daylight. 228. 
torches, 229^ 

[.irarstonc bumuig, 261 ^ 

r.iiiing levels and shafts with concrete, 
113. 

Liquation of sulpiiiir, V ;8. 

Listings nr lashings. 1 06. 

Loading and unloading ships, 170. 
Loading [)ier, wi^odon, cioss-scrtion 
of, 169. 

Locked coll wnv to])e, 169, 181, 
Loc(>ue lines for underground use, 

Itn, 166, lt>7. 
liodcs, dcfmilion of, 4. 

m()di“> of working, 137 142.' 
f longitudinal section, 13. W’S 
Longwall TOcthod of woiking 144, 
H,5. 

Alati.sleld (iopper Min<*s wuiked by, 
148, IVX 


M 

M'Driiworr’s st reen 253. ^ 

-M.icbine.s, cornprc.sscd air, 71, 72. 
bu- excavating, 72. 
tunmlling, 92, 93. 
undcrcuttrng coal, 89, 92. 
used for sinking shafts, 92, 

Maehmery accidenis, 299, 300. 
f'xcavatum by. 70. 
for haulage, 101. 

Magnetic iron ore, dijiping needle 
used in search for, 38, 39. 
lock for safety lump-, 233. 
Separation of urc-^, 257. 
sejiarator, Wenstioni’^, 2,58. 
WcUicnirs, 258. 

Maillou slate quarry, France, wire 
saw Usid at, 91. 

Ai.iin ami tail mpe haulage, 164. 

Hot, 58, 62. » 

MauagiT o( mines, vtfluc of university 
degree or dqdoma in examina- 
• tion for, 272. 

Man-engine, 239, 2l0. 

Manhole in shafts, 238. 

Manoiuctei, 225. 

Mansfield Conner mines. 11. 
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Mi«»?tfcld copper nii'K's, metUod of 
worMhc, H8, 149. ^ 

under^^round jnan]iiug fut/'iuos at, 

207. , 

Map of- British coallields, 10. 

Marble qw-'iirios, Carrara, Uhoof wiir- 
. saw at, 88. 

Maritime pioe f<»r timbering, lOO, 
Marqin-tte district, l^licliigan, cios^ 
and longitmliTial sections ol 
bo lifts o! irnii oir, 17. 

Mai'snuit lamp, 231, 2e2, 

Marston Hall salt inim', 13t>. 

Maivin drill, 83, 84. 

Masonry for levels, 11(», 111. 

Masses or iionriabulaj depo'-its of 
iniriftral, 8. 

rneihuds of working, I-IO, 118. 
Matching or hngthening piece for 
borpig, 48. 

Matrix, (h'firntioii of, 8. 

Meateart'n, 127. 

Mechanical chisels, 8.''-. 

powi'r employed in hiinlagc, ICI. 
Mechernich (j’ru'-sM), lead-beunng 
sand'^ioii(‘ of, 1 8. 

Meicuiia! poisoning, .’84. 

('a])our in inine>, 213 
Mobil ('jtiale), 9. 

Metelhe supjiorts {br t'xcavatiuiis, 
11 ;.. 

Motalhfftrous Alines Ilcgulation Act, 
mines under, 271. 272. 

Methane ga.-i in air of mines, 211. 
Michigan copj.er hearing district. 11. 
ii'ou mines, shafts lined with steel, 
118, l::!0, 121. 

Midland coalfield, rnip .shewing, 10. 
Milling, 134, 

Mine, definition of, 1, 270. 

Miner, regulations fur bendit of, 270. 
Minera mine, drills u-.Hd at, 01. 
Mineral oil, mode of ueeiinenoc of, 18. 

' springs, as an indication to pro- 
spector, 31, 34. 

Teins, 4. 

Umrkiiigs, classification of, 269. « 

Mineralogy, imp«tauce of knowhalge 
i.f, to prospector. 40. 

Minerals, discoveries of, 30. ' 

Miner’s anaemia, 284. 

clotTiing, 279. 

■ hammer, 62. 
houses, 280, 


I Miner’s occupation, aidvan^g^*' and. 

disadcaiitagea of, 278.' ' \ " 

I phthisis, 282. r. ' 

Mines, accidents at, 287-294, C96- 
I 299, 

! drainagecommission , SouthStaffoi’d- 

i slhrc, 208. 

: statutes relating to, 270, 

i Miscftllanoous accidents, blasting, 300. 

I qu.iri'n's, 300. ^ 

j sh.i its of mines, 299. 

j Kin face of mines, 2.')6, 298, 299. 
i mideigroniid at mines, 296, 298, 

i . 

I Mi'’''-t)H',‘*, t)7 

i Abel, 103. 

i Monni .systt’in id‘ using concrete, 114. 
j .Moniiort}, 5>7. 

I Monfciftulu’s ]>enetiatii!g pulley for 
1 , wire-s.iw. 90, 

1; Mouje's ]mmj)S winked by hydraulic 
! pi.wer, 204. 

i Moil. ditv rates from accidents at 
I imne.s ami 'jLiai lii's, 287, 

I Moitai am/ tappet, of stani]), 2^8, 

] 241*. 

I AIok.s box, 121. 

j Motion in air for dressing, 2.'v7. 
j Motors for hoisting or winding, 172, 

1 173. 

! Mouni, Morgan mine, Queensland, 

j com jiofji lion of auriferous de- 

po.sjt, 16 

Ai m. self r safety Uinip, 231, 232. 

Mysoie niiues, timber used at, 101. 

N 

IN'" A.T[T UAL drai nage, 1 93. 

Natural' oases, accidents' from sutToca- 
tiunby, 299. 
boniig with rope for, 4,1. 

Natural iciitilation, 132, 216. 

Nevada, Oonistook silver bearing lode, 
23. , 

New South Wulfts^ Broken Hill silver 
mines, 23. 

New-Yorn, strata yielding petroleum 
in, 19. 

Nitrate of ammouiuii explosivesf, ‘66. r 
Nitrab*. of Bi.>da, mode of oceuiTence, 
18. 

Nitrift^ mixtiiree (explosives), 66, 
Nitto-cellulose, 64, 

Nitijo-gl^'cermo, 66, 
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3^% ' .fis rj) (in W8, average j 

\i H ! iStuapohiiiim oiV ftPi L 

SbitliamptoijBlii^ u>ou6 -of working! 

' • lEon ore, 127, 128. 

NortBem ooayieJ J, map 9he\^ iiig, 1 0. 
K<>rth Hill mine (Franklin, KJ.), 
Robins cotivi yor uwkI al., lf>r*. 
North Wales coalfield, map slu Aving, 
?0. -* 

Northwinh (Ch^sliirc), thickness of 
sSlt beds at, 22. 

Nose of the bob, •203. 

Kystaginus, 284. j 


0 

Oak for timbering, 100. * 

Occu])ational diseases, 282. 
risks, 29.^. 

Occurrence of iniiieiiils, 3. 

Ochwadt’s self-n'eording wnlm -gauge, 
22(3. 

Ohio, strata yielding petroleum in, 

• 19. , 

Oil used ill ordinary open lani})^, 
229. 

Old workings an indicatidii to ilie i 

]>roHpector, .il, 30. | 

On -setter, 188. j 

Open -cast, 126. 1 

Open workings, 126. 

Oregon pine for tiiriber*ig, 102. 
Oreshoof, ir.3, lot. . 

Ottawa ((iaiiada), phosphate of lime 
beds of, 20 ' 

Otto system of aerial ropeway 168, 
169. 

Out'bye, 241, 

Outiyop, nature of decompnsed, as an 
indication tu the prospector. 
31. • - 

of beds and lodes, 81. 

gozzan in Queensland, 85. 
massive haimatit^ in Mina.s Oeraes, 
Brazil, 38# 

V4gre lode, iioaf Dul'/glly, Nodli 
Wales, 32. 

Overburden, 127. 

Overhand .stopii%, 140, 141. 

^idvahtages of, 140. 

Overshtyt wheels for working pumps, 

Over-winding, 188, * 

accidents -rofti, 297, 299. 


Pack animals, 1 56i. 

Parrott aiiue (Montana), 13# 
steel headgear and or<i bins at, 1 7 9. 
Parys mine, jirecipitation at,* 261. 
I’aschke and Kat^ne.r’s speed -checking 
appliance, 1 89. m 

I'‘ass, 150. 

I'atent fuel, 251. 

[Var tree for timheriu^-. 101. 
IViirisyhania, strata yu'k.’*i ^ petro- 
leum 111 , 39. 

Penrliyn slate <|uarry, Bangor, method 
of working, 1 28, 180. 

Peuro.se, on depossits of phos})hatc of 
lime, 21, 

I’ercussion, bniiiigby, 45, 

P('rcus.sive drills, 80, >^8, 8-1, 
petroleum, boring ^\Ith rope for, 51, 
extraction by wellh, " * 
for pumping, 199. 
method of conveyance oCj. 5-1. 
melhod ol obtimmg, 182. 
mode of ocourrene.e, 3 8, 19. 
aven, spouting, Baku, 20. 

Pltosjdiate of lime de,po^its in Canada, 

20 . 

Cliristmas Lsland, 21. 

( Treat Britain, 21. 

United Slates, 21. 

West Indies, 21, 

ilri'dging fi'oin river bottoms in 
S<»ntli Carolina, 181. 
diessingof, 266. 

f(<im of M'orking at Arras in France, 

21 . 

mode of occurrence, lb. 
tliieUness of beds, 2l. 

I’hysical prop<'rtn\s, diossing processes 
depemliijg u}>itn, 2r)8, 

Ihclc machines, 87- 
Sergeant, 85. 

Picker use<i in bnring, 18. 

I'ickingtabl* .s', conveyors used as, 155. 
Picks, various kinds of, .57. 

Pigsties (Australia), 105. 

’Mhr, 143. « 

Pillars and cliamb(-Ts, method of work* 
ingby, 135, 136. 

Pillars iu coal mitieB, removal of, 144. 

tempi»rary, 143. 

Pino used for timbering, 100. 

Pipes, conveyance of lic^uid or gaseous 
minerals by, 154. 
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Pitkoad frames, 17H, V9, 180. 

Pittman on coal de|u)siis of New South 
AVaVs find Quecnalan<l,,9 

place or d lift, ,144. 

Plans of old mines useful to the pro- 
speotor, 36. 

Pln.nt'i as an indieaiion to the- pru- 
snoctor, 31, 34. 

Plat. 182, 184. 

PlatfolIn^ in shafts, 238. 

Phirnbism*,* 2^3. 

Plungi r puni]). 202. 

Pneumatic hoisting ap])avalu.«, 190. 
machines for dressing, 
wator-haiTcl, Galloway’s. 190. 

Pneumonia. I'l^stiriiog slaP^ miners 
sutler from. 28.6. 

Poetseh’s tree/ing process for sinking, 
120. 

Piddc pump, 2U8. 

Points and crossings, iindeigrouiid, 

ir>8: 

Poling. 122. 

Poll pick, .07. 

Pontgihand lead mine (Franco), oui 
ItiU’sfs of carhonic acid gas at. 
212 

PoiJ^’^et head.s. 178, 179, 180. 

PortugfiL c;oj)pci‘ mining district oi, 

11 . 

Post, 143. 

Post (sandstone). 9. 

Post find stall system of working, 
114. 

Posts (United States), 1‘'6. 

power used for uii<leigi-ound traiis- 
])ort, 160, 161, 

Presorvatiffii of timber, metii<»<ls for, 
103. 

Pre\ention of accidents, means for, 
297, 301. 

Pricker, 63. 

Priestinan grab dredger, 74, 77. 

Prince Eilward’s Island, dredging for 
shelly marl at, 131. 

Probing, 3S, 39. 

Process of dressing de])endiiig upon 
chetnical pro;'<erties, 260. 
mechanical means, 243. 
physical pTu])erLies, 2.63. ' 

Pro]) and lid, 109. 

Props, iron and steel used in working 
places, 118, 120. 

eteel, 122, j 


Prospecting by diamond drills, 44'. 
indicationsTto be observed in, 31. 
or seaich for minerals, fO. 

1 ' qualifications necessary for, 4'0. o 
Pnissia, lead-bearing jandstone * 
Mecliernicb 18. 

Pulley, Moriticolo’s penetrating, fc 
wirc-«aw, 90. 

Pulley-frame, 178, 179, 180. 

Pulleys, 178. 

Pulp. 249. 

Pulsab)r, 26.5. 

I’ulsometer ])um}i, .suo. 
fhirup, centrirugai, 208. 
column, 201. *, 

Elubardt and Selimep'As, 205, 20C. 
lifting, 206, 201. 

Mo<»re’s, 204: 

plunger or force, advantages of, 

202 . 

Pohle, 208. 
jmlsoraetf r, 208. 

Rmiiler 205. 

Kiltinger, 202. 
rods, 200. * 

safeguards against brca'kfigo of main 
r(»d of, 204. 

twin double j)lnnger, 20.5, 206. 
windmills used tor working, 198. 
Pumjfing, Go-o])erative, 208 
engines for, 199. 
engines at Mpiisfeld, 207. 

Pumjts, drainage by, 198. 
driven by corni^ressed air or elec- 
tricity, 20.5. 
drowning of, 206. 

wcjiked by livdraulic iiower, 399, 
204. 

Puncliers, 87. 

Q 

QiiAKiiiERS, regulations for benefit of, 
272. 

Quarries Act, woritiifgs under, 272, 
drained by windmills, 199. 

. endless wire-saw used in, 88, 90. 

statutes relating to, 270. 

Quarry accidents, <290-295, 297, 
.300, 301. 

definition of, 1, 270. 

Fencailg Act, 273, 

Quarrying more dangerous than 
mining, 290. 
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Quarry men provision of 
• bathrooms in, 280. 

Queensland, method of timbering in, 
105. 

Quicksilver, localities where princi- 
pal mines situated, 21. 
thicTOCSS of beds off 22. 
treatment of fj^-es of, 207. 

K 

Rack-a-kock, 60. 

RaiU, 1^. 

Railway, mean| of propuRioii, 160. 
plant, 157. * 

servants’ riNks as regaids daiigtr, 
295. 

Railways, sidings or Irannvays, acci- 
denb^ on,* 299, oOO. 

Raises (Uidtcd States), 

Raky system ol boring, 49, 

lUinmiing apidianco of bran^oiis, 59, 

^ 6U. ® ^ 

Itand mines, expeiuJiture for laboui 
at, 277. 

Rateau fan, 219, 220. 

Recephielea for raising mineral in 
sliafi, 182. 

Recreation of workpeople, 286. 

Reef, 147. , 

definition of, 14. 

Reefs, smddli*, of Beudig<i or SaiidlmV t 
(Victoria) goldfield, 15. 

Reel or bobbin, Vil. 

Reflected daylight, working by, 22S. 

' Religion, provision ISceesHary among 
mining communities for, 286. 

RenlTival of pillars in coal-mining, 
144. ^ 

Reservoirs for hydraulic mining, 97. 

Retaining or supporting key for bor- 
ing plant, 48. 

Rcumaux’fi speed nli^cking c.])pliance, 
189. 

Revolving screen or tronimfl, 253. ' 

** Rickard on saddle reefs of l.endiKO 
or Sandhurst goldfield, Vic- 
toria, 16. 

Riddler pump, 208. 

Rio Tinto (Spain) copper min^s^ll. 
Gross section of soutn lode, 12r 
pillar and chamber working, 142. 


Rise, 134, 137. ^ 

Risks of workers as icgards 

iij quarrying, engine^ng, rail-* 
way, and sliij)pmg industries, 
295. ■ • 

Rittiiigef, fall of spberes^in water, 
253. • 

jmmji, 202. • 

Rivers Pollution Prevamtioji Act, 275. 
Roasting of ores in dT'vssing 261. 

tin ores, 268. r 

R(»bins conveyor, 153, 154, 1.55. 
Kobnrile, 66. 

Rochebclle collieries, outbursts of 
carbonic acid gas, 212. 
Roek-bveaking machines, 245, 
Rock-cutting, M onticolo’s penetra- 
ting ]nilley for, 90. 
wire-saws us<!d for, 88. 

Rock drills, 74. ^ 

Iiigersol I -Sergeant, 8.5. * ^ 

use, of, in sinking shaft**' and driv- 
ing levels, 93. 

Rock excavating by watci’, 95-98, 

Rods lor pumps, 2v)U. 

Rolls, crushing, 2r>(». 

Roncliamp coHienes (Fyance), vobime 
of liredam]) in, 210. ^ 

Roof, definiti<tn of, 4. ^ 

subsidence of, or ‘caving^ method 
of w'orking mines, 143. 

Roofing, 136. 
llo]>c haulage, 163. 

Ropes, winding. 178 
‘-'trol, 178, 181. 

Ropes or ehaiiis breaking, accidents 
by, 299, 300. 

Ropeways, aerial, 166. 

Itotary wasliing machine for diamonds, 
243. 

R<tthaclionberger Stolln, 194. 

Russell and Parson’s automatic 
dumping cage, 186. 

S 

.'^AtuiLK reefs ot Bendigo goldjj^ld, 
Victoiia, 15, 

Safety catches, ISG, 189. 

♦ fuse, 66. 
lamps, 230. 

Safety lamjis used for detecting fire- 
dani}), 223. 

Salt, occurrence of, 22. 
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Sak, excava ting, by I'^ater, 07. 
exiractimiof, bv wells aiul lM>ivholcs,< 
liW. 

extraction ^Voni sea water, 22. 
riiiiKs,' Olios) n re. 13d, K>b. 
mines, fiml)er ^t^m'tllre nt 1 10. 
preparation of. 2<w. 
tliickness of beds at Kantwicli in 
Ohesbire, 22. 

San Jbonisio eupp.T lod.*, 11. 

San l)<^liiingns (roitugal) cop]>er 
mines, 11. 

Sandlinrst oi- Jlendigo goldfield, 
A^ioto]‘ia, iJickard on saddle 
reds of. 15. 

Sand-}Jiiiiip. 54. 

Saiulstnne used for lining a level, 
111 . ' ' 

Scliiinei' and Budenberg’s tachonictei, 

2ob 

Schide tail. 2 11^, 221. 

Schmitt’s* eleci iic fuses, 68, 69. 

Scuo]).s u‘iod lor boring, 18. 

Scotidi euaitield.s, map sbewing. 10. 

Seokdi fii f(»r timbering, iOO. 

Scott on iron ores of Brazil, 33. 

Scv.ipcr, 63, 

^f boring ]>lanf, -18. 

Screen ^trTionnnel, rovulvmg, 253. 

Screening, 252. 

Screw' coint'yor, 1,53. 

Scams, tbiek, rnctiiod of working, 146. 

Search for minerals, 30. 

Section of De Beers diamond mine, 
13. 

iron oi'c mines of Marquette Co., 
Michigan, J7. 

Langlaagle Estate (East), Joiianne.s- 
bn rg, 1.5, 
minora] veins, 7. 
nitrate of soda lieds, ] 8. 
oil district neai liaku, 19. 
reversed or overlap fault, 28. 

Rio Tinlo, soulli lode, 12. 
slate bods at Oaklc^r quanies, N. 
Wales, 24. 

jjtiuta shewing hed of phohjiba! 

uodule.s ineSoutli Carolina, 21. 
siratififd rucks, 3, 
throw of a fault, 27. * 

vein of calcite, galena, and due 
blende, 5. 

vein of gold-bearing quartz, 6. 

Scdimeiitaiy depo.sits, 3, 7. 


Self-discharmng«lciijs, 186 , 

Selvage, detrhition of, 8. 

Sergeant drill, 80. 

pick machine, 85. 

Set or train, 164, 165. r 
Sct.s or frames, 106. 

Shaft, 68. 

Shaft accidents, 296, 298, 299. 
rolls, 200. 

hollars or plat fomit", 238. ^ 

Shafts, guide.s in. 183. 
iron lattice -work fer reinforcingCbn- 
cretoin.lH. 

Kind and Cliaud run’s raetliod of 
sinking, 93. 

lined with coiicrete,«‘114. 
lined with steel supporting frames, 
118-121. 
lining of, 106. 

linings and fittings, importance of 
tire resisting material in, 1 13. 
machines for sinking, 92. 
method of raihing water in sinking, 
195. 

metliod or .sinking, 70, 125. 
motln»d of timbering, 106. 
natural ventilation of. 216. 

Boctscli’s freezing process for 
sinking, 125. 

sinking by compivsaed air, Triger’s 
method, 125. 

skips used yi inclined, 185, 186. 

^ spilling method for tmppo'rt of, 122, 
tubbing for, 123, 124. 
nse of rock drills in sitiking, 93. 
Shale, 9. - 

Shaping of minerals, 244. 

Sheets used for distributing air 
cu’Tent, 222. 

Shell jmmp or sludger, 46. 

Shelters when blasting, \j«ed for using, 
301. 

Slipping ores, arrangemeiibs for, 171. 
Ships, risks to crews of, 296. 

Shouding, 38, 3U t. 

Shoe, of s^amp, 24 8j 249. 

SI loot or pass, 150. ' 

Shoots for conveying mineral, 163, 
154. * 

Shot-firing, 66. 

by ejecti'icity, 67. 

Sliowr, Bteam, 73. 

Sholver baths at the Anzin uollieiries, 
France, . 230 . 







mHhcw! or^riiiking through 

• * froi!:#!ii pstr*'"'! ''** • 

SioitiaTi Tiiinoi's la?np, 229. 

Sicily, tuodc of working thick sulphur- 
bcarih| 4 limestone bods in, 146. 
Siemens and kalskc elect, ric peicnssivc 
diill, 84. 

Sieves, ‘2f)2, 2r)3* 

Signallitig, 16S. 

■Silico^is^2y2. 

sm, 105: 

Silver, ainalgam»ti<'n of, 202. 

Silver fir for timbering, I On. 

Silver ores, broken Hill, New Soulli 
^^i^les, 23. 

Comstock lock', Necada, 23. 
HuajichticH. lloliviit, 2 ^. 
localitu s wliere chietly lonnd, 23, 
tin)de of occui rcuoe, 23. 
treutinent of. 207. 

Single rope liaiilige, 163. 

Sinkj 70. 

Sinking <a slialb, im'tl.'d of, 70. 

,4rui»i'^, 123. ^ 

uRind-Oluiudron, metli-Ki of 124. 
linings, 123, 

mcLliod of jaistng water in, 19.5. 
Poetscli’ij or fnsezing meibod, 12.'t. 
shafts by con^piessed air, 12:>. 
shafts by rock drills, 93. 
tlu’Ongh frowM siiata, 95. 

Tiigev’s metJiort of, 1^5. 

Siphons. 19,5, 

Skip, 171, 184, 185. ^ 
loading in shaft, 181, 185. 
self-discharging, 185, 186. 

Sl»^ from blast furnaces used tor 
packing in mines, 151. 
heaps, an indication to Ihc’^iro- 
• spector, 31, 36, 

Slate beds a1^ Oakley quanios, see.tion 
of., 21. 

dressing, 267. 

mode of occnn enco of, 23. 

. quarries in Frai^ee^cntting slate by 
wirc-saw at, 91, 

• quarrying, Monti colons jlcaeti'aMn 
pulley, 90. ^ 

splitting, 244.. 

‘^underground workings for, 23. 
Sledges or sleds, 154. 

'Snd’es, 27. • 

Slides and steps for descent and absent, 


Sludge, 63. ^ 

^Sludger or sliell pump, 46. 

Uhcd % boring, 48. 

Sluices, 129, 131. ^ 

Smith, Dr Angus, oncandltfair test, 
224. ^ * 

on ]A'Uiith u oflii r in mineH, 213. . 
SiHOe-pieoe, 200 . 

S< .lignum. 103. 

Hollars or platforms in sbaft 238 
Solution eiuj.b.ycd in <tri ^ ig min- 
erals, 26.0. 

pr«q.aration uf borax, nitrate (it 
;,oda, and potassium salts by, 
260. 

Sombrero, phosphate of iiino dej.obits 
in, 21. 

Somci set colliers, mode of ancient and 
descent by, 237. 

South Afiica, timber u tin, 101. 
South Carolina, dredging for jilios- 
phaie of lime in, 131.* 
phosphate of lime deposits in, 21. 
South StalTorJshire Mines Drainage 
CominissioT), 208. 

South Wales coallicld, map .shewing, 
10 , 

Spain, copper milling dishict of, IL 
metluKl of w orking Thai sis coftier 
mine, 128, 129. ^ 

quicksilver mines of, 21. 

Si»ark fuses, 67. 

Special rules fur preventing accidents, 
271, 297, 301. 

Speed-('hiH‘kuig appUaiict'is in wind- 
ing, 189. 

Spei.se. 31. 

Splitting air current, 223. 

Spontaneous conibustu.u in goaf, 146. 
Siu-ucc hr fui timbering, luO. 

S.juibs, 66. 

for bring shots, 60. 

Stalfovdsh'iwq South, drainage of 
mines, 208. 

Stalls, 136. 

Stamps, 216 -250. 

' Staiulard of a dangerous occupation, 
287. • 

>Stunley''s tunnelling machine, 92, 93, 
Stationary enpnes for haulage, 161. 
Statutes relating to mines and qlianies, 
270. 

Staves (rungs of ladder), 237. 

Steam diggers, 73. 
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Stgrfm engine for pump, 206. 

for winding, 173/*^ ^ 

Steam power for pumping, 199. 

Steam stiovel, 73. 

Steam, lUse/ of, in thawing fio?t‘n 
strata, Of). 

Steafeiisoii’fi twist clril], 78. 

Ixuina for Bn{»[>ortiiig Ie\eh 
117. 


Sullivan’s diamond drill, 44. 

Sul}djur, destination of, 268. 
liqiiatinn of, 268. 

■modes of oceuiToncp, 24. 
obtained by fusion, 257, 
seam, near Caltagirono, Sicily, 25, 
tliickness of beds, 25. 

Saljdinr-beanng linicstono in Sicily, 
25. 


frames Jor supporting levels, 115, * metliod of working thick beds, 146. 

lljb ' Sulphuietled hydrogen gas iii mines, 

girders used in diy wulling, 111, i,. 


112. 

prop, 122. 

projis used for support of wutking 
]iUees, 120, 
sleejxTs, 157. 

siqiports fur levels, ] 15, 116 
supports fur lining .shafts, 118. 
wire winding ropes. 17S, 181. 

Sternmer, ’J3. 

Stem[»les„ 140. 

Stejis and slide.s for doseeht and 
ascent, 237. 

Steps or slopes in open wuiks, size 
of, 128, 129, 130. 

Stockw'ui'ks, dcliniliuu uf, 8. 

Stokes’ liimi) for delecting firedami», 
V, 223. 


Sulphurous acid in mines, 214. 

Sump, 196. 

Sup])ort of roof mul sides, waste stono 
used lur, 114. 

Sup](uit.s foiMxeavations, 100. 

Surface of mines, accidents, 296, 298, 
299. 

Suiface adhesion method in dressing 
minerals, 259. 

SuTelifle's met 'hod of sliaft sinking, 
93, 

Swah stick, 63 

SwH ieii, magnetic separator employed 
for e<aie«nti<Jlii)g iiuri oro in, 258, 


T 


Stone (s/mdshme), 9, 

Stone ehani)e]ling machine, 'Ward- 
well, 87, 88. 

Slone }iiue for timbering, 100. 

Stoop, 143, 

Stuping, overhand, 140, 111. 

underhand, 138, 139, 

St(ip})ings, 222. 

Strapping plates, 200. 

Straws for tiring allots, 66. 

Sti’cam Ij't; w-(irk>, 26. 

Strike, definition of, 1. 

Studdles (Corn wall), 106. 

Stall-pieces, 140. 

Stulls, 139, 140. 

Subaqueous workings, 131, 

Subsidence of land by brine pumping, 
statute providing h)r comyxmsa-^ 
tion for, 

Subsidence of rooi, method of working 
mine by, 143. 

Suction dredge, 74. 

Suflbpation by gases, Haldane on, 214. 
by natural gases, accidents from, 
299. ' 


TAhUi.AK ileposit.s, 3. 

I'ae.iiometcr, Sfindfer and lJudouborg’s, 
239. 

Tdgiefl’s petroleum sponte?, l!i. 

Tamarack mine (Miclugan), winding 
drum at, 1 77, 

Tamping iuir, 63. 

Tappet of si amp, 248, 249. 

Teak for timiHiiing, 101. 

Telcjdiones used for signalling in 
mines, 188. 

Tenifier screw, 54. 

T'Tuporary pillars, 143. 

. Te.sting the air of mines, 223-227 
station for explosives, 272. 

Tha^sis (Spain) cop|)€*r mim^ 11. 
inet)ioc,'of working, 128, 129. 
working by the filling up method 
at, 150, lol. 

Thick deposits, mode of working, 
146 -148. 

Thie\,n ss of beds, 4. 

Things falling from part way down 
shafts, accidents from, 299. 
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inU Him surfiioe, 

• V.<‘i<1i'I}ts t'loUr 

Throw uj a 

V\il6* thr dt‘Lnrmiiiing iftuouiit of, 

*2-^ Jl 

Throws^ 27. 

ThniHt, 1 

Till list vo^b.U-T of dinruond rlnll. 4:!. 
Tillorwitli b'/i'iiig jilantf IS 
Tiinlicf slu'diod b^Miniiinl .aid vciv' 
talm* lOj 

(icodviiig, a of Iu'-"l iMiji t‘\i)l'* 
sums, 21.0. 
diy rot 111 . 102. 
kimls usip] in mining, ICO 
nietlioiK foi jjutst r\ nig. 
too],’, lor sliaping, lO.*.. ^ 

nsoti in Afiii'u, MJl. 

Auif'i'iiM, 102? 

Asio, 101. 

Aiihiralia, 102 
Eurojie, ]0<>. 

Tinibniiii.' ol liorl-*, ii'cTlionr o(, {o.*;, 

, 104. 

l^'ancf, 101. 

gold nniiis ut llio Wbivi.ilM-’i.unl. 
11101110(1 (i(, 107, ]()<'' 

rniulwaj.s, HR' I In id.’, of, 101 | 

Slit niiin sin Austua, .-’N'-t'*!)!, ilO. | 
sliiifts, TiirUiod of. 10r.» i 

Tiu-linanng giin’i-b (‘xcaruing 1)> j 
walcr, C7. j 

Tin luniji, 22*.'. 

Tin ore, alluvial dojiosits, 20, 

nuKln of oocuj lonnn, 2.0 

I’uasiing of. 201. 
iTeatiinuit of, 208. 

Tin ‘ sitfe-aiu works,' 20. 

Tohoggaiiuig, 2;i7. 

TuolSjAAmoruMii dulling, rni. 
for boring 18. 

Ibrdn.iliiig with ac('idonl^ ii' boring, 

00. 

fiTivlalluig ustid lu boring, CO. 
iisvd for oxca\ii.1i^g,*r)(>. 

Torcliys lor liglding woi kings, 229. 
Torch lain jj.s, VVi-ils, 2liU, * 

Torficdo, 1811 

Tmigncaux kbiam^, Belgium, use. of 
wire-vsaw at, 88, 90. 

Trams, 108. 

Traain and tub.s, accidents by, 
Transport undcrgimiiid, lii2. • 
Transvaal gold, occurrence of, 14. 


Transvaal, gold bearing eoiig1oni"n?te, 
^ dejifisition df, ,1. 
gnld mi in'-, mode ot working, 1 10, 

1 11. ' 
timbeimg .sliafl.-,, UJetiifid '>f, 107, 
lO.s^ 

vein U! till' ! frieiiburg ^district 

I jiroducnM-ii'-, , ot. s. 

I 'f'n-adwi'll gol 1 iiuii" Ali-ka, l(b 
; ’lieo’,. kinds n-ed lor ttnibenn'/ lOO. 
i Ti< tioliing. ■li' 2>C 
I I ligi r'h iiRiliod ol .-^uikuig, l2o. 

, 1 1 otuliH ks. 202 , 20 ! 

I Tnirk Aet--. 27... 

Tubbing bu' sli.dl-, 12 i, 124. 
Tiibeioulo' o. 2s2. 

Tubs, l.A. 

Tunnel sy'-leni ot woiking Ihiok d'/- 
posil^, IK’i.* 

ruunellinp nnu biiii's, 02, ‘kg 
d'uinliilib'’' uudcigioiiinl, i,).> 

V 

j rMtiJ;. ri 1 IM. lu.iohin. s. 80, 02 
Undi igiound .".M'liii 1 ) 1 - 2!'<) 20 S, 2Pli. 
i.'is lO' nil nl lioin 'iOO 

.Jr, ( ..I !. inn oxido in 

minis. 21 i 

goaf .IS .1 soiiioo 110. ^ 

in sul{.liur tiiiiiis. I'.iu'^od by 
I'm tn-n ol na k.s, i lo 
w 01 king’, Bki. 

Lbnlt'! iiand stojiiiig, j-’!S, 1.39 

Uiidrlk.v, 7. 
riinbrins 7 

Uiiili'd Sial'-s, cojijier nuning district 
of, 11 

liydraidic. mining in, 97, OS. 

kinds (i! tuiibi'i’ ns('d ui. 102. 
ffTiiK'is'al |ii' k r.7 

rniversilv mmiiu’ diiilon -i value of, 
111 mini' inan.igeis i .yannnatioii, 
272. 

I'peast shall., 217 
Blirai-Os (rioU'd rSlab 134. 

(’'rujni i'll tindi'Uing, 101. 

V* 

V>N lilsK on iron oiu- deposit a of 
Mi'-lngaii, 17. 

Van mine, Wab^-, uieAhod of woiking 
wide vein, 1 19. l.OO. 

'Vanner, I'rue, 2;dk 
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Vetn of calcite shewing banded struc- 
tme,6. *' 

gold -J)eari Tig quartz, Sp. DavidV 
niiiU' i)(>]g(’l]y, (). 

Veins, *urifernub, comjxisitinn i*f, ir>. 
clay, 3 49, 160. 
dchnihoii of, 4. 
fJ heave sideways, liH. 

inofh'S ni wuiking. 137- 1 111. 
(•loduetiveiif.'js <>f, 8, 

/;U'iiyi''j)n.inn's nii'- lui- tiinting l(.'t 
])ar(, of, 1!9. 

Veinstone, defiuitiuii oi', 8. 

Velocipedes used in adit levels, 211. 
Velocity of air curn nt, nieasui‘''nienl 
of, 226. 

Ventilation, 210. 
coinj)re''Sed air, 222. 
fans, 218. 

nicthodbfoT testing air, 223. 
natura?', 230. 

produj’ed by {nrnuoe, 217, 23b. 
Vertfe.d sectiun, 148. 

VibronU'b'r. Ileauniont's 262. 
Vicb^ria, .saddle re<‘fs of Ivcndigo ur 
Saiidliiust goMii id, 1,'.. 

Villain on iron ore oj JyirMior , id. 
Villiers speed-checking .qtplianee. 
V 3 89. 

\V 

Waum-IC fan, 221. 

Wiiggiuts for ui'tlcjgiuund use, Ifii 
means of projjiiKion of, 360, 161. 
mine, iiei‘<l as ,i lUfaiis of ;i(ce.ss lu 
woiking plac^, 241, 
points to be c'insifietvd in <]' '.iginng, 
169. 

Wales, mode of occurrenee of ^lalt' in, 
23. 

Walking wav'- to obtain aa*e.sr> t<< 
Wmi kii/i;'-, 236 

Walling, iiu 
Wall j)lute. io6 
Walls, Mb 

Walls of a vein, ilt finition of, 7. 
Wardwell stone ehiuinellmo nt.-n lonv. 
! ^87,88. ^ 

War Kagle niijH>, Ib'liins belt coin eye 
used 'if, 166. < 

Wa.sh-onf fault, 27- 
Washing niiin'ral, 243, 
of coal, 266. 

Water barrel, (bilbavay’s, 196. 


Water barrels, 195. 
meTliodj^"’ for preventing inflows^ of, 
191. f 

powei fof diain.Jge, 190, 
powei fur exeavatJ’ig, 71, 95-99 
129 

sepatatiun of imne.rals by motion 

U). 26‘;, 

spiay I'oi haying (lust, 283, 
tank, (Jallowav's^ 196, 19^7, 198. 
Wa'er ilnsii systeni uf packing in 
aiil liraed'Mn IK'S, 160, 151. 
Water gauge, 226 
Oehv.'adt’s s< If-Krording, 220. 

\\ aur Leyntr lov'lc Mill, 82, 83. 

W it.( r-pre,s.sare engigss, i99. 

V\ edg(?, 6fg 6u. 

Weevil buiTuwing in timber props, 

102 . 

\V (disand bund'oliis, 131. 

Wells lamp, 236, 
salt, K’.4. 
i.neh lamps, 230. 

WeiyV spued-e becking ap))1iancc', 389, 
We.st Indus, ploMpiril/' of limerde* 
pO-yltS III, 2!. 

We.tiHiill m.i"-iiclie s(ipaiaLor, 258. 
Wheel li.it low.-,, I6ij. 

Wlu-elsfui mine waggons, 169. 

Whips! deny, 173. 

While ant destnictne to timber, 102, 

\\ iiits, 261. * 

W'kK \eins, nu (hod of working, 142. 
ll\'ie!ie/,ka Salt niiijos, timber struetui'fe 
at, 310. 

W imble use({ fur boring, 48. 

Wind hole or snurc-pieeu, 200. 
Wiijdmg. 152, 172. 
rule'’ el or Kibble, 183. 
di ems, 17.3, 176, (77. 
tngiue, indicatov for. ^,188. 
engine.s, 173. 
pulleys, 178. 

rale of, under the (loal Idim's Kegu- 
latiun A*ct„239, 
rojies, 1 78. 

speed Indicabiis fur, 239. 

Wind mills u.'^ed f r working jminps, 
198. t 

Wmze.s, 137, 3 74. 

Wue rupe guide.s, 184. 

Wir*-^(,w used m llelgium quarries, 
88, 90. 

Wolt lam]b 232, 233, 
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Wo#* wf&p, 102 - . 

Wooden air ])wn^‘ • 

roflfi ioj“ Vr-^^nvi^, 

■ mrlf? for ])uru]K, ‘200, * 
Woiceatorsbij^ I'j.ist, draiiiaj^o fii 
mini-'s iti, 20S 

Working bill rel of pmuj* 20]. 

race. 111 I if'. 

Workinirs, hiibiiqut’oi#, 131. 
Working'll, ' on lion of, '2/(5 
Worknnnr.s ( lonipoii'^atAon Aol, ‘27^. 
Wrench for bcoing pl.inL, 48. 
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Y 

Yni-iiOXAMvood for tiinhorine, ^01. 

Yoik'^hif'*', cto-,ooal(n'lLl, iniij* shewing, 

10 . 

Z 

ZiMJViMiM vx-iV mlo for finding )j' 1 
part of vein. ‘20. 

! Zinc orci^, description of deposits of ‘20. 
I >h jienlincben muH stock rk, ‘Id. 
minerals associated with, 
mod* of oeenri <' 11 ( 50 , 26. 
treat meiiL uf, 268, 
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